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ABSTRACT
Objective  The relationship between obesity and 
albuminuria has not been clarified. This study aimed to 
investigate the correlation between obesity and the urinary 
albumin-creatinine ratio (UACR) in Southern and Northern 
China.
Design  A descriptive, cross-sectional study.
Setting  Eight regional centres in REACTION (China’s Risk 
Evaluation of cAncers in Chinese diabeTic Individuals, a 
lONgitudinal study), including Dalian, Lanzhou, Zhengzhou, 
Guangzhou, Guangxi, Luzhou, Shanghai and Wuhan.
Participants  A total of 41 085 patients who were not 
diagnosed with chronic kidney disease (CKD) and had 
good compliance were selected according to the inclusion 
criteria. Patients who were diagnosed with CKD, who had 
other kidney diseases that could lead to increased urinary 
protein excretion, who were using angiotensin-converting-
enzyme inhibitors or angiotensin II receptor blockers and 
whose important data were missing were excluded.
Results  Participants with both, central and peripheral 
obesity, had a higher risk of elevated UACR, even after 
adjusting for multiple factors (OR: 1.14, 95% CI: 1.07 to 
1.12, p<0.001), and the risk of high UACR in the South 
was more prominent than that in the North (OR 

South: 
1.22, 95% CI: 1.11 to 1.34; OR North: 1.13, 95% CI: 1.04 
to 1.22, p<0.001). The risk was also elevated in the 
male population, hypertensive individuals, glycosylated 
haemoglobin (HbA1c)≥6.5% and age ≥60 years in the 
South. Besides the above groups, diabetes was also a risk 
factor for the Northern population.
Conclusions  In China, people with both central and 
peripheral obesity are prone to a high UACR, and the 
southern population has a higher risk than northern 
population. Factors such as male sex, hypertension, 
HbA1c≥6.5% and an age ≥60 years are also risk factors 
for CKD.

INTRODUCTION
Chronic kidney disease (CKD) is defined 
as chronic kidney structural and functional 
loss caused by various factors (for 3 months 

or more), including normal or abnormal 
pathological damage of glomerular filtration 
rate (eGFR) as well as abnormal blood, urine 
and imaging examination, or an unexplained 
decrease in eGFR (<60 mL/min/1.73 m2) for 
more than 3 months. CKD has become one of 
the major chronic diseases with a low rate of 
awareness.1 2 In 2012, the prevalence of CKD 
in China was 10.8%; however, only 12.5% of 
patients were aware of the disease.3 It has 
been proven that CKD is an independent 
risk factor for cardiovascular disease, and the 
prognosis of cardiovascular disease in these 
patients is worse than that of patients without 
kidney damage.4 A meta-analysis in 2010 
suggested that compared with participants 
with an eGFR of 95 mL/min/1.73 m2, the risk 
of cardiovascular mortality was significantly 
increased in participants with lower eGFR.5

Obesity has been proven to be one of 
the most common causes of CKD, leading 
to a deterioration of structure and func-
tion of the kidney, which is characterised as 
microalbuminuria.6 Currently, the urinary 
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►► This was a cross-sectional study, with multicentre 
as well as a large sample of 41 085 patients without 
chronic kidney disease in China.

►► Due to the difference in the kit and range of normal 
values, the urinary albumin-creatinine ratio (UACR) 
was transferred to quartile, so it could not be ex-
pressed as a continuous variable.

►► As a cross-sectional study, a causal relationship be-
tween obesity and the UACR cannot be established.

►► Some of the data such as smoking, drinking hab-
its and drug history are self-reported, so recall bias 
cannot be avoided.
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albumin-creatinine ratio (UACR) is the most widely used 
measurement for early screening for microalbuminuria, 
owing to its accuracy and convenience.7 Some studies 
have indicated that obese patients have a higher level 
of UACR. However, the association between obesity and 
UACR remains unclear. Recent studies, including those in 
Japan, Taiwan and Germany, have suggested that obesity 
is correlated with UACR, while others have not found a 
correlation.8–11 Moreover, due to the diversity of eating 
habits in different regions, the prevalence of obesity varies. 
In China, vast land areas and long histories have different 
eating habits, and living customs in the North and South. 
In 2014, the proportion of overweight and obesity in the 
southern male of childbearing age was 24.8%, and 43.5% 
in the North; the proportion in southern women of child-
bearing age was 13% and that of the northern population 
was 29.6%.12 Thus, the association between obesity and 
UACR may be affected by geographical factors, which has 
not been previously studied.

In this regard, the study focuses on the relationship 
between obesity and the UACR, as well as the difference 
in the North and South of China.

METHODS
Study population
A total of 53 639 participants from eight regional centres 
in REACTION (China’s Risk Evaluation of cAncers in 
Chinese diabeTic Individuals, a lONgitudinal study) 
had written informed consents. Among them, Dalian, 
Lanzhou and Zhengzhou were the centres of the North; 
Guangzhou, Guangxi, Luzhou, Shanghai and Wuhan 
were the centres of the South. The study population 
included all permanent residents aged over 40 years in 
3–5 communities by random sampling of urban areas, 
with a middle level of economy. These subjects can better 
represent the urban middle-aged and elderly population. 
We contacted the community officers of each centre for 
support and recruited participants who met the criteria 
through telephone. Inclusion and exclusion criteria: (1) 
Inclusion criteria: individuals aged over 40 years, without 
restrictions on gender proportion, having good compli-
ance (being objective and sincere for questionnaires, and 
being able to accept regular follow-up). (2) Exclusion 
criteria: patients with confirmed CKD (with clear videog-
raphy, laboratory and pathology and a duration of disease 
longer than 3 months); with other kidney diseases that 
can lead to increased urinary protein excretion, including 
primary nephropathy and secondary nephropathy; daily 
use of angiotensin-converting-enzyme inhibitors or angio-
tensin II receptor blockers medicine; with important data 
missing.

Data collection
Standardised questionnaires were used to collect infor-
mation including basic information, medical history, 
medication history and lifestyle. Measurements included 
height (H), weight (W), waist circumference (WC), hip 

circumference (HC) and blood pressure (BP) (systolic 
and diastolic (SBP, DBP)). Patients were asked to take 
off shoes, hats and clothes before measurement. Body 
mass index (BMI)=W/H2 (kg/m2) WC was defined as the 
circumference of the abdomen of the lower edge of the 
rib and the midpoint of the sacral line. The HC measure 
was the maximum circumference of the buttocks. Waist-
to-hip ratio (WHR)=WC/ HC. Before the BP measure-
ment, patients were required to rest for at least 5 min. 
Measurement was done thrice with a mercury sphygmo-
manometer in 1 min, and the average value taken. All 
investigators had been previously trained.

Blood biochemical measurement
Blood samples were collected in the morning after 
subjects were on a fast for at least 8 hours before test. 
Participants without a history of diabetes mellitus (DM) 
underwent a 75 g glucose tolerance test, and their venous 
blood samples were drawn at 0 and 120 min. Biochem-
ical indices included triglyceride (TG), cholesterol (TC), 
low-density lipoprotein cholesterol (LDL-c), high-density 
lipoprotein cholesterol (HDL-c), serum creatinine (Scr), 
blood urea nitrogen, liver function index (alanine amino-
transferase (ALT), aspartate aminotransferase (AST), 
gamma-glutamyl transferase), fasting blood glucose 
(FBG), postprandial blood glucose (PBG), fasting blood 
insulin (0 min, 120 min) and glycosylated haemoglobin 
(HbA1c). Fasting blood insulin was measured using the 
glucose oxidase–peroxidase method.

UACR measurement and data processing
Urine samples were mid-clean urine collected in the 
morning. In order to eliminate the data error caused 
by the difference of the kit and the different ranges of 
normal values, ln UACR/media (the value of UACR over 
the median of each centre) was used instead of UACR. 
According to the quartiles of each centre, UACR data 
were divided into <25%, 25%–50%, 50%–75% and ≥75% 
groups.

Obesity measurements
BMI and WHR were used to measure peripheral obesity 
and central obesity. According to the Chinese adult BMI 
standard, BMI ≥28.0 kg/m2 was diagnosed as peripheral 
obesity. WHR ≥0.9 for males as well as WHR ≥0.85 for 
females were used to diagnose central obesity. The obesity 
group was divided into O1 (non-obesity): BMI <28 kg/
m2 with WHR below standard; O2 (peripheral obesity): 
BMI ≥28 kg/m2 with WHR below standard; O3 (central 
obesity): BMI <28 kg/m2 with WHR over standard; O4 
(both peripheral and central obesity): BMI ≥28 kg/m2 
with WHR over standard.

Multiple groups
Multiple groups were used to investigate the relation-
ship between obesity and the UACR in different groups: 
hypertension group (non-HP: SBP <140 mm Hg and 
DBP <90 mm Hg, HP: SBP ≥140 mm Hg or DBP ≥90 mm 
Hg), HbA1c group (HbA1c<6.5%, HbA1c≥6.5%), 
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glycometabolic group (normal: normal glucose toler-
ance, pro-DM: pre-DM, DM: diabetes), age group (age 
<45 years, 45 ≤age <60 years, age ≥60 years) and gender 
group (male, female). The glycometabolic group was 
classified by FBG and PBG according to DM diagnostic 
criteria.

Statistical analysis
Statistical analysis was performed using SPSS V.23.0. All 
continuous variables were presented as mean±SD or 
median (IQR). Categorical variables are presented as 
numbers (proportions). Normally distributed measure-
ment data were tested by analysis of covariance regression, 
and non-normally distributed measurement data were 
tested using a non-parametric test. Enumeration data 
were tested using the χ2 test. The comparison between 
groups of baseline data was performed by Student-
Newman -Keuls test. Ordinary logistic regression was 
used to examine the cross-sectional association between 
obesity and the UACR. P<0.05 was considered statistically 
significant.

Patient and public involvement
Patients or the public were not involved in the design, 
planning or conduct of our research.

RESULTS
Baseline information
A total of 41 085 individuals were selected, including 
12 697 males and 28 388 females, with 21 213 individuals 
from the South and 19 872 individuals from North. The 
baseline data in the South and North are shown in table 1. 
It could be inferred that the average BMI in the South was 
lower than that in the North, and there was no signifi-
cant difference in the average WHR. The proportion of 
central obesity in the south was higher than North, which 
was 53.9% over 45.6%, while people with both central 
and peripheral obesity in the North were higher than 
those in the South, 15.8% in the North and 8.8% in the 
South. The factors of male proportion, Scr and ln UACR/
media were higher in the South, while the prevalence of 
various chronic diseases such as hypertension, DM, coro-
nary heart disease (CHD), SBP, DBP, TC, TG, ALT, AST, 
FBG, PBG and HbA1c were higher in the North (table 1). 
Baseline data showed that compared with the normal 
weight group (O1), the obesity groups (O2, O3 and O4) 
had higher LDL, HDL, FBG, PBG, HbA1c, SBP, DBP, TC, 
TG, ALT, AST, ln UACR/media and male proportion 
(p<0.001; tables 2 and 3).

Trends of UACR in the South and North
ln UACR/media (the value of UACR over median of each 
centre) was used instead of UACR to show the distribution 
of UACR in the South and North under obesity groups. 
Compared with O1 (non-obesity), both O2 (peripheral 
obesity) and O3 (central obesity) had higher UACR, 
and UACR levels were significantly elevated in O4 (both 

peripheral and central obesity). In the North–South 
comparison, the average level of UACR in each group was 
higher in the South, both in the non-obesity and obesity 
groups (p<0.001) (figure 1).

Correlation between obesity and UACR in the north–south 
group
Ordinary logistic regression was used to verify the differ-
ence between obesity and UACR. With uncorrected factor 
(model 1) or corrected for gender, age, smoking and 
drinking (model 2), it can be identified in the total popu-
lation; obesity was positively associated with UACR, and 
the risk was higher in O4 (both peripheral and central 
obesity) than in other groups (p<0.001). Similar findings 
were obtained in North–South subgroup, especially in the 
South, where the risk of O4 increased to 1.95 times of O1 
(OR: 1.95; 95% CI: 1.78 to 2.14, p<0.001). Moreover, the 
risk of high UACR in the South was much higher than in 
the North (p<0.001). By fully adjusting for HbA1c, DBP, 
TG, AST, sex, age, smoking and drinking (model 3), the 
relationship between obesity and the UACR in O4 was 
still significant. However, this association disappeared in 
O2 and O3, indicating that there is no difference in the 
development of a high UACR in individuals with either 
peripheral obesity or central obesity, in contrast with 
those without obesity. These findings existed both in the 
total population and in the North–South group. In the 
comparison of the North–South group, when multivar-
iate factors were adjusted, the risk of a high UACR in the 
South was still higher than that in the North (OR South: 
1.22, 95% CI: 1.11 to 1.34; OR North: 1.13, 95% CI: 1.04 to 
1.22, p<0.001) (table 3).

Relationship between obesity and UACR in multiple population 
groups
The results showed that in the South, obesity has a signif-
icant association with UACR in the group with HbA1c 
≥6.5% and age ≥45 years, especially in the elderly popu-
lation (age ≥60 years), which showed a positive relation-
ship between obesity and the UACR in both O3 and O4 
(ORO3: 1.13, 95% CI: 1.02 to 1.24; ORO4: 1.31, 95% CI: 
1.12 to 1.52, p<0.001). In summary, the risk of a high 
UACR was elevated in the central obesity group who were 
older than 60 years. In the North, in addition to above 
factors, the risk was also higher in people with DM (ORO4: 
1.23, 95% CI: 1.05 to 1.43, p=0.01). A significant interac-
tion exists between obesity and gender as well as obesity 
and hypertension. Subsequently, we further divided the 
population by sex and hypertension to observe the effects 
of the interaction. This shows that the male population is 
more closely associated with obesity and the UACR both 
in the South and North. As for hypertension, stratified 
analysis showed that SBP ≥140 mm Hg or DBP ≥90 mm 
Hg was more closely related to obesity and UACR. More-
over, the results also indicate that the risk of high UACR 
in the South is higher than that in the North for each 
group (p<0.05) ()(tables 4–6).
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Table 1  Comparison of baseline data of different populations in the South and North

South (n=21 213) North (n=19 872) P value

BMI (kg/m2) 23.95±3.57 25.15±3.72 <0.001

WHR 0.78

Male 0.91±0.07 0.91±0.06

Female 0.87±0.08 0.87±0.07

Obesity groups (%) <0.001

O1 (non-obesity) 7577 (35.7) 7068 (35.6)

O2 (peripheral obesity) 326 (1.5) 594 (3)

O3 (central obesity) 11 437 (53.9) 9067 (45.6)

O4 (both peripheral and central obesity) 1873 (8.8) 3143 (15.8)

Age (years) 58.26±9.81 58.02±8.65 0.009

Male (%) 7046 (33.2) 5651 (28.4) <0.001

Coronary heart disease (%) 619 (3.1) 867 (4.4) <0.001

Diabetes (%) 2035 (9.7) 2356 (11.9) <0.001

Hypertension (%) 3922 (19.7) 3759 (19.0) 0.09

Hyperlipidaemia (%) 1411 (7.1) 1845 (9.3) <0.001

Smoking habits 0.98

Regularly smoke (%) 2472 (11.9) 2339 (11.8)

Sometimes smoke (%) 495 (2.4) 487 (2.5)

Never smoke (%) 17 890 (85.8) 16 965 (85.7)

Drinking habits 0.01

Regularly drink (%) 1386 (6.6) 1365 (6.9)

Sometimes drink (%) 3789 (18.2) 3815 (19.3)

Never drink (%) 15 692 (75.2) 14 593 (73.8)

HbA1c (%) 6.03±1.01 6.15±1.08 <0.001

SBP (mm Hg) 128.75±19.41 134.38±21.11 <0.001

DBP (mm Hg) 76.54±10.41 78.26±11.20 <0.001

Scr (μmol/L) 69.08±16.42 67.07±15.85 <0.001

TG (mmol/L) 1.64±1.23 1.69±1.15 <0.001

TC (mmol/L) 5.13±1.13 5.04±1.12 <0.001

HDL (mmol/L) 1.34±0.35 1.31±0.32 <0.001

LDL (mmol/L) 3.03±0.89 2.93±0.89 <0.001

GGT (mmol/L) 28.79±38.07 30.97±41.14 <0.001

AST (mmol/L) 21.67±13.14 23.25±11.75 <0.001

ALT (mmol/L) 16.47±13.4 19.41±14.17 <0.001

FBG (mmol/L) 5.81±1.58 6.16±1.84 <0.001

PBG (mmol/L) 8.22±3.68 8.83±4.22 <0.001

ln UACR/media 0.13±1.08 0.09±1.04 <0.001

eGFR (mL/min/1.73 m2) 87.59±17.79 89.02±17.42 <0.001

Continuous variables were presented as mean±SD or median (IQR), and categorical variables were presented by numbers (proportions).
ALT, alanine amino transferase; AST, aspartate amino transferase; BMI, body mass index; DBP, average diastolic blood pressure; eGFR, 
glomerular filtration rate; FBG, fasting blood glucose; GGT, glutamyl transpeptidase; HbA1c, glycosylated haemoglobin; HDL, high-density 
lipoprotein cholesterol; LDL, low-density lipoprotein cholesterol; O1, non-obesity ; O2, peripheral obesity; O3, central obesity; O4, both 
peripheral and central obesity; PBG, postprandial blood glucose; SBP, average systolic blood pressure; Scr, creatinine; TC, cholesterol; TG, 
triglyceride; UACR, urinary albumin-creatinine ratio; WHR, waist-to-hip ratio.
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DISCUSSION
Studies have shown that more than 80% of type 2 DM can 
be attributed to obesity, which is also associated with an 
increased risk of CHD.13 14 In China, with the improve-
ment of economic conditions, the rate of being over-
weight and obesity has accelerated in recent years. In 
2002, the proportion of overweight and obesity in China 
was 17.3%; however, in 2014, the proportion of over-
weight and obesity in males reached 33.8% and 24.8%, 
respectively.15 16 Obesity has replaced famine as a major 
cause of death worldwide. A meta-analysis showed that 
in Europe and the USA, the lowest overall mortality rate 
among people is in the BMI range of 22.5–25 kg/m2. On 

this basis, for every 5 kg/m2 increase in BMI, the overall 
mortality rate will increase by 30%.17 An article published 
in New England reported that being overweight and 
obese could lead to an increase in all-cause mortality 
and cardiovascular mortality. The current human life 
expectancy may be terminated owing to an increase in 
overweight and obesity cases.18 Numerous large-scale 
clinical studies have shown that obesity is also associated 
with CKD, which is a microvascular complication of DM. 
In 1974, Professor Weisinger reported on four patients 
with nephrotic syndrome caused by severe obesity, whose 
pathology mainly showed focal glomerulosclerosis and 
glomerular enlargement. This kidney disease is called 

Table 2  Basic characteristics of patients under different obesity groups in the South

South O1 (n=7577) O2 (n=326) O3 (n=11 437) O4 (n=1873) P value

Age (years) 55.58±8.75 56.01±9.20 59.84±10.04 59.74±10.07 <0.001

Male (%) 2795 (36.9) 105 (32.2) 3541 (31.0) 605 (32.3) <0.001

Coronary heart disease (%) 146 (2.1) 5 (1.7) 372 (3.5) 96 (5.6) <0.001

Diabetes (%) 467 (6.2) 17 (5.4) 1268 (11.2) 283 (15.3) <0.001

Hypertension (%) 797 (11.3) 76 (25.8) 2380 (21.9) 669 (38.1) <0.001

Hyperlipidaemia (%) 340 (4.9) 25 (8.7) 835 (7.8) 211 (12.3) <0.001

Smoking habits <0.001

Regularly smoke (%) 963 (13.0) 21 (6.5) 1281 (11.4) 207 (11.3)

Sometimes smoke (%) 189 (2.5) 12 (3.7) 248 (2.2) 46 (2.5)

Never smoke (%) 6282 (84.5) 288 (89.7) 9734 (86.4) 1586 (86.2)

Drinking habits <0.001

Regularly drink (%) 496 (6.7) 21 (6.6) 741 (6.6) 128 (7.0)

Sometimes drink (%) 1605 (21.6) 54 (16.9) 1851 (16.4) 279 (15.2)

Never drink (%) 5337 (71.8) 245 (76.6) 8676 (77.0) 1434 (77.9)

HbA1c (%) 5.86±0.85 6.08±0.98 6.10±1.09 6.31±1.05 <0.001

SBP (mm Hg) 123.29±18.07 132.21±18.98 130.75±19.29 138.01±19.51 <0.001

DBP (mm Hg) 74.60±10.25 79.35±10.10 77.01±10.16 81.00±10.80 <0.001

Scr (μmol/L) 68.81±17.46 67.80±13.01 69.19±15.81 69.60±16.04 0.08

TG (mmol/L) 1.38±1.01 1.69±1.11 1.75±1.30 2.02±1.38 <0.001

TC (mmol/L) 5.07±1.14 5.11±1.15 5.17±1.12 5.13±1.13 <0.001

HDL (mmol/L) 1.41±0.37 1.29±0.34 1.31±0.33 1.21±0.30 <0.001

LDL (mmol/L) 2.96±0.90 3.07±0.93 3.07±0.89 3.08±0.87 <0.001

GGT (mmol/L) 25.49±38.62 32.03±33.42 29.88±38.71 34.71±29.43 <0.001

AST (mmol/L) 21.12±12.47 22.78±11.56 21.68±13.41 23.57±13.84 <0.001

ALT (mmol/L) 14.64±12.45 18.26±13.37 16.91±13.37 20.73±15.61 <0.001

FBG (mmol/L) 5.60±1.33 5.79±1.33 5.88±1.70 6.19±1.65 <0.001

PBG (mmol/L) 7.57±3.20 8.69±3.45 8.46±3.90 9.41±3.76 <0.001

ln UACR/media −0.02±1.01 0.11±1.17 0.18±1.08 0.41±1.26 <0.001

eGFR (mL/min/1.73 m2) 89.61±17.78 89.55±18.33 86.37±17.52 86.55±18.66 <0.001

Continuous variables were presented as mean±SD or median (IQR), and categorical variables were presented by numbers (proportions).
ALT, alanine amino transferase; AST, aspartate amino transferase; DBP, average diastolic blood pressure; eGFR, glomerular filtration rate; 
FBG, fasting blood glucose; GGT, glutamyl transpeptidase; HbA1c, glycosylated haemoglobin; HDL, high-density lipoprotein cholesterol; 
LDL, low-density lipoprotein cholesterol; O1, non-obesity; O2, peripheral obesity; O3, central obesity; O4, both peripheral and central obesity; 
PBG, postprandial blood glucose; SBP, average systolic blood pressure; Scr, creatinine; TC, cholesterol; TG, triglyceride; UACR, urinary 
albumin-creatinine ratio.
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obesity-related glomerulopathy.19 An increasing number 
of studies indicate that obesity is involved in the progres-
sion of CKD, but has also proved to be an independent 
risk factor for renal failure.20–22

In recent years, some cohort studies have suggested 
that obesity has a certain association with UACR, but the 
conclusions drawn were different and had no correlation. 
A study of 1990 subjects for a middle-aged male popula-
tion in 2010 in Japan claimed only WC has a correlation 
with UACR, while BMI does not have statistical signif-
icance.9 Research undertaken on 12 672 hypertensive 
patients at the Southern Medical University showed that 
only BMI is associated with the UACR, whereas WC has 

no correlation.23 In 2014, a study by Suzhou University 
involving 2889 participants and concluded that both BMI 
and WHR exceeding the standard are risk factors for a 
high UACR.24 Sun Yat-sen University reported that an 
increase in BMI and WC is associated with the UACR in 
persons aged over 40 years.25 All the above studies illus-
trated that obesity was a risk factor for elevated UACR, but 
a study of 3979 people in non-diabetic, non-hypertensive 
patients in Korea announced that the correlation only 
existed in low BMI (BMI<18.5 kg/m2).10 A study of 3749 
data in Germany yielded a U-shaped curve of obesity 
and the UACR, indicating that people with weight loss 
and obesity have a significantly increased risk of a high 

Table 3  Basic characteristics of patients under different obesity groups in the North

North O1 (7068) O2 (594) O3 (9067) O4 (3143) P value

Age (years) 56.63±8.38 58.05±8.44 58.64±8.65 59.31±8.86 <0.001

Male (%) 2154 (30.5) 186 (31.3) 2361 (26.0) 950 (30.2) <0.001

Coronary heart disease (%) 210 (3.0) 29 (4.9) 409 (4.5) 219 (7.0) <0.001

DM (%) 585 (8.3) 62 (10.5) 1216 (13.4) 493 (15.7) <0.001

Hypertension (%) 877 (12.4) 145 (24.5) 1765 (19.5) 972 (31.1) <0.001

Hyperlipidaemia (%) 459 (6.5) 66 (11.2) 906 (10.0) 414 (13.3) <0.001

Smoking habits 0.02

Regularly smoke (%) 897 (12.7) 57 (9.6) 1020 (11.3) 365 (11.6)

Sometimes smoke (%) 191 (2.7) 13 (2.2) 207 (2.3) 76 (2.4)

Never smoke (%) 5949 (84.5) 523 (88.2) 7799 (86.4) 2694 (85.9)

Drinking habits <0.001

Regularly drink (%) 452 (6.4) 38 (6.4) 608 (6.7) 267 (8.5)

Sometimes drink (%) 1536 (21.8) 113 (19.1) 1631 (18.1) 535 (17.1)

Never drink (%) 5050 (71.8) 441 (74.5) 6776 (75.2) 2326 (74.4)

HbA1c (%) 5.96±0.90 6.10±0.96 6.22±1.15 6.40±1.16 <0.001

SBP (mm Hg) 128.47±19.84 139.83±19.99 135.57±20.87 143.22±20.83 <0.001

DBP (mm Hg) 76.1±10.9 81.42±11.00 78.31±11.10 82.35±10.98 <0.001

Scr (μmol/L) 67.35±15.99 68.18±15.51 66.52±15.46 67.72±16.60 <0.001

TG (mmol/L) 1.47±0.97 1.74±1.12 1.77±1.22 1.96±1.24 <0.001

TC (mmol/L) 4.88±1.09 5.13±1.11 5.10±1.14 5.17±1.12 <0.001

HDL (mmol/L) 1.35±0.33 1.27±0.29 1.31±0.33 1.23±0.28 <0.001

LDL (mmol/L) 2.80±0.86 3.06±0.91 2.98±0.91 3.08±0.90 <0.001

GGT (mmol/L) 27.34±41.81 33.13±33.75 31.63±41.26 36.77±39.45 <0.001

AST (mmol/L) 22.57±12.19 24.46±11.53 25.05±12.24 22.57±12.19 <0.001

ALT (mmol/L) 17.63±13.26 22.25±17.20 19.26±13.29 23.33±16.83 <0.001

FBG (mmol/L) 6.11±1.51) 6.24±1.92 6.63±2.11 5.85±1.57 <0.001

PBG (mmol/L) 7.99±3.70 8.82±3.84 9.12±3.84 9.88±4.41 <0.001

ln UACR/media −0.36±1.03 0.12±1.09 0.11±1.03 0.29±1.07 <0.001

eGFR (mL/min/1.73 m2) 89.45±17.32 88.16±16.96 88.94±17.25 88.46±18.22 <0.001

Continuous variables were presented as mean±SD or median (IQR) and categorical variables were presented by numbers (proportions).
ALT, alanine amino transferase; AST, aspartate amino transferase; DBP, average diastolic blood pressure; DM, diabetes mellitus; eGFR, 
glomerular filtration rate; FBG, fasting blood glucose; GGT, glutamyl transpeptidase; HbA1c, glycosylated haemoglobin; HDL, high-density 
lipoprotein cholesterol; LDL, low-density lipoprotein cholesterol; O1, non-obesity; O2, peripheral obesity; O3, central obesity; O4, both 
peripheral and central obesity; PBG, postprandial blood glucose; SBP, average systolic blood pressure; Scr, creatinine; TC, cholesterol; TG, 
triglyceride; UACR, urinary albumin-creatinine ratio.
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UACR.11 With regard to the above studies, there was no 
uniform conclusion between BMI and WC (or WHR), 
which may be related to the geographical, ethnic, sample 
size, gender, age and inclusion–exclusion criteria as well 
as the correction factors used in the various studies.26

Our research showed that compared with non-obese 
people, patients with both central and peripheral obesity 
had a risk of a higher UACR, while for those with only 
peripheral obesity or central obesity, there was no positive 
relationship. This result remained significant even after 
adjusting for multiple factors, explaining that obesity was 
an independent risk factor for high UACR. The results 
indicated that it might be possible to prevent urinary 
protein by controlling body weight (ie, maintaining diets, 
exercise or weight loss surgery),27–30 but specific mecha-
nisms of weight loss that delay the progression of CKD 
have not been completely explored. We will continue 
to focus on further follow-up observations to verify this 
conclusion.

A study also confirmed that a regional difference exists 
for the risk of a high UACR. Cheng studied 208 individ-
uals from the South and 109 from the North, and reported 
that HLA-A*02 alleles possess high heterogeneity and 
genetic diversity in the Chinese Han population; this veri-
fies that one of the reasons for the regional difference 
may originate from genetic diversity.31 Another possible 
reason may be related to environmental discrepancies. 
Obesity is a disease easily affected by environment. Owing 
to its long history and vast territory, China has formed a 
different geographical environment and climate, which 
affects the diet and living habits of people in the South 
and North. These distinctive diets cause a different prev-
alence of obesity between the two regions, and may affect 
the relationship between obesity and UACR. Our study 
indicated that the risk of a high UACR in the South was 
greater than that in the North, which was not found in 

Figure 1  Distribution of UACR in the South and North: 
ln UACR/median (the value of UACR over median of each 
centre) was used to show the difference of the average UACR 
in each obesity group and the comparison between the North 
and South. UACR, urinary albumin-creatinine ratio.

Table 4  Correlation between obesity and UACR in total population and the North–South group

Total population

Model 1 Model 2 Model 3

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

O1 (14645) 1 1 1

O2 (920) 1.28 (1.14 to 1.44) <0.001 1.22 (1.08 to 1.38) <0.001 1.04 (0.92 to 1.17) 0.16

O3 (20504) 1.28 (1.23 to 1.33) <0.001 1.11 (1.06 to 1.15) <0.001 0.98 (0.94 to 1.02) 0.34

O4 (5016) 1.72 (1.62 to 1.82) <0.001 1.50 (1.41 to 1.59) <0.001 1.14 (1.07 to 1.21) <0.001

South

O1 (7577) 1 1 1

O2 (326) 1.32 (1.08 to 1.61) 0.01 1.30 (1.07 to 1.59) 0.01 1.12 (0.91 to 1.37) 0.28

O3 (11437) 1.35 (1.28 to 1.42) <0.001 1.14 (1.08 to 1.20) <0.001 1.03 (0.97 to 1.08) 0.37

O4 (1873) 1.95 (1.78 to 2.14) <0.001 1.66 (1.51 to 1.82) <0.001 1.22 (1.11 to 1.34) <0.001

North

O1 (7068) 1 1 1

O2 (594) 1.24 (1.07 to 1.44) 0.001 1.18 (1.02 to 1.38) 0.03 1.07 (0.92 to 1.24) 0.42

O3 (9067) 1.20 (1.13 to 1.26) <0.001 1.07 (1.02 to 1.14) 0.01 1.01 (0.95 to 1.07) 0.72

O4 (3143) 1.56 (1.45 to 1.69) <0.001 1.41 (1.30 to 1.52) <0.001 1.13 (1.04 to 1.22) <0.001

Model 1: uncorrected; model 2: correcting for gender, age, smoking, drinking; model 3: correcting for gender, age, smoking, drinking, HbA1c, 
DBP, TG and AST.
AST, aspartate aminotransferase; DBP, diastolic blood pressure; HbA1c, glycosylated haemoglobin; O1, non-obesity; O2, peripheral obesity; 
O3, central obesity; O4, both peripheral and central obesity; TG, triglyceride; UACR, urinary albumin-creatinine ratio.
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previous studies. First, the baseline data showed that the 
average UACR of the South was higher than that of the 
North, suggesting that the overall prevalence of a high 
UACR is greater in the South. Second, the rate of overall 
obesity (central and peripheral obesity) in the North was 
higher than that in the South, while the rate of central 
obesity in the South was significantly higher than North 
(central obesity ratio was 53.9% in the South and 45.6% in 
the North). Many studies have shown that central obesity 
has a higher risk of an elevated UACR than peripheral 
obesity, which may explain why the risk was higher in 
the South.32 33 Moreover, the southern population had a 
lower average obesity rate than the northern population, 
making it easier for them to exceed obesity standards. 
Therefore, it is more dangerous to gain the same weight 
or WC as the northern population.

A stratified population study showed that the risk of 
a high UACR was significantly increased in people with 
hypertension. Hypertension is a proven aetiology of CKD. 
A study by Southern Medical University, including 12 672 
hypertensive patients, suggested that in the hypertensive 
population, obesity was related to the UACR. However, 
only BMI was statistically significant, while WC was not 
significantly different.22 23 Our study also concluded that 
in patients with hypertension, who had both central and 
peripheral obesity, the relationship between a high UACR 
and obesity was positive. Moreover, the results of the 
interaction also indicate that hypertension is a stronger 
factor affecting the relationship between obesity and the 
UACR. In the non-HP (normal BP group) of the North, 
no correlation was found between obesity and the UACR, 
which also indicated that hypertension plays an important 
role in the development of CKD.

The study also found that the relationship between 
obesity and the UACR significantly increased in patients 
with high glycated haemoglobin levels. DM has been 
confirmed to be one of the causes of CKD. Tomomichi 
Koshi showed that elevated HbA1c, but not FBG, could 
identify CKD risk in non-diabetic individuals.34 Huang 
also suggested that HbA1c, not FBG or PBG, was inde-
pendently associated with an increased risk of low-grade 
albuminuria in middle-aged and elderly Chinese individ-
uals.35 The above studies both used eGFR as a measure 
of CKD, while our study focused on UACR and people 
without CKD, which can be more precise in terms of 
responding to early renal impairment. This indicates 
that high HbA1c levels as well as FBG and PBG play an 
important role in CKD; therefore, early screening and 
control of these factors of DM may help to prevent CKD.

Unexpectedly, we found a positive association between 
the UACR and central obesity in people over 60 years old 
in the South, which did not exist in any other groups, 
suggesting that senescence may be a stronger factor than 
obesity for CKD. Polkinghorne et al verified in a study 
of 17 762 participants, with an average age of 75.1 years, 
that increasing age was the factor most strongly associ-
ated with the presence of CKD, which was similar to our 
study.36 However, the study of Polkinghorne focused on 

the elderly population and did not clearly define the age 
level. Our study was established in people without CKD, 
and the age group was further divided according to clin-
ical criteria, indicating that age over 60 years is a strong 
risk factor for early CKD. Thus, early screening should be 
conducted among people over 60 years of age.

The study also suggested the role of gender, showing that 
males are more vulnerable than females. Some research 
showed that male sex was an independent factor for CKD. 
A study from Central South University, which included 
26 655 patients, found that obesity was associated with 
the UACR in the male population, but not in women.37 
Further, studies from France and Japan also emphasised 
similar gender differences in that only males were at risk 
for CKD.38 39 The above conclusions were similar to those 
of our study, but we also found a positive correlation in 
females, although the risk was lower than that in males. 
In addition, the interaction between obesity and gender 
also suggested that males might have a deeper impact on 
the relationship. One of the reasons may be related to the 
participants that we recruited, which were 2/3 females. 
Another may be related to the different ethnicities of 
each study. The mechanism by which the risk of high 
UACR in females was lower than in males may be related 
to the protective effects of oestrogen.40 Oestrogen has 
antioxidant properties that can reduce the proliferation 
of mesangial cells and delay glomerular fibrosis,41 42 while 
androgens may alter renal haemodynamics by activating 
the renin–angiotensin–aldosterone system.43 However, 
current research cannot fully explain this phenomenon, 
and further research is needed.

There are some conclusions about the mechanism of 
why obesity is related to chronic kidney damage. Obesity, 
especially abdominal obesity, can lead to an increase in 
visceral fat and physical pressure in the kidney, which may 
cause kidney compression and increase renal capacity 
load. Owing to the increased volumetric load, renal 
blood flow increases as well, and in the early stages, it can 
improve eGFR. However, if the glomerular vessel wall and 
endothelial cells remain in this state, high perfusion will 
stiffen the blood vessel wall and glomerular fibrosis, which 
eventually causes a decrease in the eGFR. This mecha-
nism can correspond to the clinical eGFR stage of CKD, 
and can also be observed in non-hypertensive patients 
with obesity, suggesting that obesity is an independent 
risk factor for CKD.19 44 Excessive lipid deposition in 
kidney tissue is also one of the factors that may lead to 
mitochondrial dysfunction, apoptosis, induction of oxida-
tive stress and ultimately damage to glomerular filtration 
membrane podocytes, resulting in glomerular sclerosis 
and tubular fibrosis.45 46 Other factors include activa-
tion of sympathetic–renin–angiotensin, involvement of 
insulin resistance, metabolic disorders and infection.6 47 48 
However, the specific mechanisms of the factors remain 
unclear; thus, more elaborate experimental evidence is 
required.

The research was conducted based on a multicentre 
and large sample size study, followed by random sampling 
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standard, strict inclusion and exclusion standards and a 
unified investigation method. Moreover, we controlled 
for possible related factors that may influence the asso-
ciation in order to delete confounding factors. Thus, the 
results are reliable and convincing. However, there may 
be some factors affecting the accuracy of the results. Not 
all possible related factors could be measured during 
investigation, and some intermediate variables may exist 
between the relationship of obesity and the UACR. Some 
limitations cannot be ignored in the study. First, as a cross-
sectional study, the causal relationship between obesity 
and the UACR cannot be established. Second, due to the 
difference of the kit and range of normal values, UACR 
was transferred to quartile, so it could not be defined as 
a clinical standard. Third, the study was conducted in 
a middle-aged and elderly Chinese population, which 
could limit its generalisability to other ages and ethnici-
ties. Moreover, some of the data such as smoking, drinking 
habits and medicine history are self-reported, so recall 
bias cannot be avoided. Thus, it is necessary to further 
explore the association between obesity and the UACR by 
prospective follow-up studies.

CONCLUSION
The present study showed that obesity is an independent 
risk factor for elevated UACR. Patients with both central 
and peripheral obesity have a greater risk for high UACR 
than those with normal weight, and the risk in the South 
is higher than that in the North in China. Multiple factors 
such as hypertension, high glycated haemoglobin and 
advanced age are also risk factors for a high UACR. These 
conclusions suggest that controlling weight in these 
persons may be related to the prevention of CKD.
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