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Purpose: The purpose of this study was to identify diabetic nephropathy risk factors in type
2 diabetes mellitus obese people based on community type 2 diabetes mellitus patients.
Patients and Methods: In the community in Shanghai, we conduct a questionnaire,
physical examination, and biochemical examination. The 406 patients included in the
analysis were divided into two groups based on whether or not they had diabetic nephro-
pathy. The influencing factors of type 2 diabetes mellitus obese patients were screened by the
least absolute shrinkage and selection operator method, and then the influencing factors
detected by the least absolute shrinkage and selection operator method were included in the
binary logistic regression analysis, and the risk factors for diabetic nephropathy in obese
people with type 2 diabetes mellitus were obtained. Finally, the nomogram and forest plot are
used to visualize the binary logistic regression results, and the calibration plot and receiver-
operating characteristic curve are used to verify the result.

Results: The results showed that family history of diabetes (OR= 2.091, P= 0.002), disease
course (OR=1.050, P= 0.007). hypertension (OR=1.768, P=0.042), hyperuricemia
(OR=2.263, P=0.003), systolic blood pressure (OR=1.027, P<0.001), and glycosylated hae-
moglobin Alc (OR=1.358, P<0.001) were risk factors for diabetic nephropathy.
Conclusion: For obese patients with type 2 diabetes mellitus, they should pay attention to
family history of diabetes, disease course and hyperuricemia. Hypertension should be con-
cerned and strictly controlled. Systolic blood pressure and glycosylated haemoglobin Alc
will help prolong the survival of diabetic nephropathy patients.
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Introduction
According to the research, the global prevalence of diabetes mellitus (DM) has
reached epidemic proportions and it is expected to increase from 4.51 million in
2017 to an estimated 6.93 million by 2045." DM is linked to macrovascular and
microvascular complications, which are the leading causes of death and morbidity.”
In addition, the risk of death is accompanied by an increase in the number of
complications.” Complications of DM increase burden of disease and medical
costs.* At the same time, DM affects the quality of life of patients and the economic
burden on local governments.® Diabetic nephropathy (DN) is one of the important
microvascular complications of DM and is common, occurring in 20-40% of DM
patients.

DN is one of the most common complications of diabetes.” DN is the leading
cause of end-stage renal disease (ESRD) in developed countries. The study pre-
dicted that ESRD caused by DN in European countries will increase by 3.2%
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1,000 T2DM patients
included in the Sanlin community

initially

questionnaire,
physical examination,
biochemical index text

406 petients actually included
in statistical analysis

Diagnostic criteria of patients

196 patients
with DN

The number of people meeting the criteria for obese
T2DM patients is 415 (BMI=30kg/m2)
Among:
Lack of blood pressure data
( 4 patients)
Lack of blood test indicators
( 2 patients)
Loss of basic information and medical history data
( 3 patients)

210 patients
with NDN

LASSO regression

logistic regression

Statistical analysis

Result

FHD,Disease course,
Hypertension,Hyperuricemia,
SBP and HbA1c are risk
factors for DN in obese
patients with T2DM

Y

Conclusion

Figure | Logic flow plot of this study.

Note: The logic flow plot shows the entire research process.

Nomogram and forest
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per year between 2012 and 2025.° In China, with the
improvement of economic levels and changes in people’s
lifestyles, diabetes shows an increasing trend every year.
According to the latest Diabetes Atlas released by the
International Diabetes Federation (IDF) in 2019, the num-
ber of diabetic patients in China will reach 1.16 million in
2019, and by 2045 this number will reach 1.47 million.
Therefore, it is of great significance to investigate the
prevalence of DN and its risk factors. Besides, as people’s
living standards and quality of life improve, more and
more people around them show symptoms of obesity.
Therefore, research on obesity is also increasing. Studies
have shown that obesity and type 2 diabetes (T2DM) are
recognized risk factors

worldwide.*!!

for chronic kidney disease

In this study, whether to suffer from DN was used as
the classification criterion. The purpose of this study was
to investigate the prevalence of DN in obese T2DM
patients in the Shanghai community of Sanlin and to
analyze the related risk factors of DN in obese T2DM
through cross-sectional data, as to provide a theoretical
basis for the prevention and treatment of DN in obese
T2DM patients.

Patients and Methods

Patients

We conducted this study in collaboration with the Shanghai
University of Traditional Chinese Medicine Affiliated
Community Health Center Hospital and Shanghai
Community of Sanlin. In this study, we collected 1000
T2DM patients in the Sanlin community. All T2DM
patients in the community who participated in the question-
naire. After data processing, the patient data with missing
information and incomplete detection indicators were
excluded, and patients with BMI>30 kg/m? were included,
finally, 406 valid data were obtained. The 406 participants
included in the study were divided into two groups, namely
the NDN group (n = 210) and the DN group (n = 196).
Before enrolling the subjects in this study, we received

written informed consent from all of them.

Procedure

We conducted a questionnaire survey, including physical
examinations and biochemical tests. With the support of
affiliated community health centers and the Central
Hospital, T2DM patients in the Sanlin community in
Shanghai were investigated. All investigators and researchers

participating in the survey were trained and performing well.
They were qualified to ensure that procedures are standar-
dized and scientifically rigorous.

The diagnosis of T2DM patients in this study complies
with the diagnostic criteria for type 2 diabetes published by the
World Health Organization in 1999.'* According to the
Guidelines for the Prevention and Treatment of T2DM in
China, BMI is calculated by dividing body weight (kg) by
square height (m). In this study, the patient dressed lightly and
measured height and weight using a calibrated spring scale and
ruler. According to the World Health Organization (WHO)
Obesity Classification Standard, it can be known that body
mass index (BMI) >30 kg/m? is defined as obese.'® Obesity is
determined by the BMI, which all meet BMI > 30kg/m”.
Regarding the definition of DN, the study has shown that it
can be defined by increased urinary albumin excretion or
decreased estimated glomerular filtration rate (e-GFR) or
both."* According to the MDND glomerular filtration rate
estimation formula, the e-GFR (mL/min) was calculated."
In this study, e-GFR was used to define DN, and patients
with e-GFR <60 mL/min/1.73m2 were defined as DN
patients. According to strict standards, hyperuricemia is
defined by male blood Uric acid (UA)> 420umol/L and female
blood UA> 360umol/L.'® Waistline is the basis for judging
whether it is central obesity. Central obesity is defined by male
Waistline>90cm and female Waistline>85cm.'”

In this study, people with a history of hypertension
were defined as those with hypertension. In addition, all
the physical indicators were measured with standard
devices. The patient breathed smoothly, and a soft ruler
was used to measure the horizontal circumference of the
abdomen at the midpoint of the lower edge of the 12th rib
of the anterior superior iliac spine, which is the waist
(SBP) and

Diastolic blood pressure (DBP) were measured in standard

circumference. Systolic blood pressure
sitting with OMRON blood pressure monitors. The values
of SBP and DBP were measured twice within 5 minutes,
and the average of the two was used as the final values of
SBP and DBP.'® Laboratory indicators measured in this
study were fasting blood glucose (FBG), glycosylated
haemoglobin Alc (HbAlc), total cholesterol (TC), trigly-
ceride (TG), low-density lipoprotein cholesterol (LDL-C),
and high-density lipid protein cholesterol (HDL-C), blood
urea nitrogen (BUN), serum creatinine (Scr), UA and
e-GFR. In order to obtain blood indicators, all participants
were required to fast for at least ten hours and draw

venous blood in the morning. Scr is used to calculate
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e-GFR based on the Modification of Diet in Renal Disease
Trial with age and gender.

Statistical Analysis

All the data analysis results of this study were obtained
through the software of R software (Version 3.6.2; https://
www.R-project.org). To obtain the risk factors for DN in

obese patients with type 2 diabetes. First, descriptive
statistical analysis was performed on the data. The data
types in this study belong to measurement data and non-
normally distributed measurement data and counting data.
The measurement data are described by the mean and
standard deviation (x¥+ s). For non-normally-distributed
measurement data, the median and quartiles [M (P25,
P75)] are used. For the count data, it is expressed as
a percentage (%). And then use the least absolute shrink-
age and selection operator (LASSO) method to screen
the suitable and effective risk factors for obese T2DM
patients. LASSO is a method for simplifying high-
dimensional data. It selects features with non-zero coeffi-
cients in the LASSO regression model. Next, the
indicators selected in the LASSO regression model were
included in the binary logistic regression analysis of risk
factors related to diabetic nephropathy, and the odds ratio
(OR) value and 95% confidence interval (CI) were calcu-
lated. P<0.05 is statistically significant. Those factors with
P <0.05 were significant indicators of DN in obese
patients with T2DM. Finally, using the nomogram and
forest plot to visualize the binary logistic regression
results, and the Calibration plot and receiver-operating
characteristic (ROC) curves are used to verify that the
result is reliable.

Results

A total of 1000 T2DM patients were collected in this study.
After data processing, we excluded the patients with miss-
ing questionnaire information and incomplete detection
indicators, and patients with BMI>30 kg/m2 were included,
finally, we obtained 406 valid data (Figure 1). Among the
931 T2DM patients included in this study, there were 196
DN patients, and the prevalence of DN in obese T2DM
patients was 48.28%. In the DN group (n = 196), there
were 74 males, accounting for 37.76%, and 122 females,
accounting for 62.24%. In the NDN group (n = 210), there
were 85 males, accounting for 40.48%, and 125 females,

Table | Demographic and Clinical Characteristics of Patients
with NDN and DN

NDN (n=210) [ DN (n=196) P-value
Gender 0.575
Male 85(40.48%) 74(37.76%)
Female 125(59.52%) 122(62.24%)
AGE (years) 64.50+6.92 66.00 0.705
(61.00,69.00)
Disease course (years) 6.00(3.00,11.00) | 9.92+6.77 0.002
Hypertension 0.001
NO 60(28.57%) 30(15.31%)
YES 150(71.43%) 166(84.69%)
Hyperuricemia (%) <0.001
NO 175(83.33%) 134(68.37%)
YES 35(16.67%) 62(31.63%)
FHD (%) <0.001
NO 99(47.14%) 61(31.12%)
YES 111(52.86%) 135(68.88%)
Regular diet (%) 0.573
NO 191(90.95%) 175(89.29%)
YES 19(9.05%) 21(10.71%)
Regular movement (%) 0.187
NO 154(73.33%) 132(67.35%)
YES 56(26.67%) 64(32.65%)
Central obesity (%) 0.932
NO 3(1.43%) 3(1.53%)
YES 207(98.57%) 193(98.47%)
Smoke (%) 0.943
NO 159(75.71%) 149(76.02%)
YES 51(24.29%) 47(23.98%)
Alcohol (%) 0.761
NO 158(75.24%) 150(76.53%)
YES 52(24.76%) 46(23.47%)
Waistline (cm) 99.22+6.24 100.22+6.80 0.108
SBP (mmHg) 145.66+16.20 156.55£19.22 <0.001
DBP (mmHg) 83.51+10.30 85.3111.62 0.104
FBG (mmol/L) 7.30(6.30,8.50) 8.67+2.79 <0.001
HbAlc (%) 6.90(6.30,7.70) 7.73+1.48 <0.001
TC (mmol/L) 4.83%1.15 4.84(4.21,5.60) | 0.281
TG (mmol/L) 1,71(1.32,2.39) 1.90(1.44,2.55) | 0.032
LDL-C (mmol/L) 1.62+0.47 1.66+0.47 0.472
HDL-C (mmol/L) 1.49(1.24,1.68) 1.48+0.31 0.830
BUN (mmol/L) 5.54(4.40,6.46) 5.68(4.82,6.77) | 0.176
SCR (umol/L) 65.00 62.50 0.402
(55.00,76.75) (52.75,78.00)
UA (umol/L) 317.90+73.38 342.66+84.93 0.009
e-GFR (mL/min) 59.78 60.81 0.527
(45.30,85.93) (34.97,90.18)
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accounting for 59.52%. The concrete demographic and
clinical characteristics are given in Table 1.

Based on the analysis of literature search results and ques-
tionnaire survey results, from the demographic characteristics
index, physical index and biochemical index, 24 potential risk
factors were selected and included in the LASSO regression
method for analysis (Figure 2A and B). Based on the statistical
method of the LASSO regression model, the model type is
binomial, and type.measure is deviance (type.measure is used
to specify the target parameter that you want to minimize
when selecting the model for cross-validation), and non-zero
feature variables are selected. So the number of potential
variables is reduced from 24 to 5, including family history of
diabetes (FHD), disease course, hypertension, hyperuricemia,
SBP, and HbAlc (Table 2). The binary logistic regression
analysis was used to analyze the risk factors related to DN in
obese T2DM patients. With DN as the dependent variable, the
6 potential risk factors selected in the LASSO regression
method were used as independent variables, including FHD,
disease course, hypertension, hyperuricemia, SBP, and
HbAlc. The result of the binary logistic regression analysis
showed that family history of diabetes (OR=2.091, P=0.002),
disease course (OR=1.050, P= 0.007). hypertension
(OR=1.768, P=0.042), hyperuricemia (OR=2.263, P=0.003),
systolic blood pressure (OR=1.027, P<0.001), and glycosy-
lated haemoglobin Alc (OR=1.358, P<0.001) were risk fac-
tors for DN in obese T2DM patients (Table 3). Visualize the
results of the binary logistic regression through nomogram. It
is based on the six risk factors obtained by the binary logistic

regression and can show the incidence of DN in obese T2DM
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Figure 2 Clinical feature selection using the LASSO regression model.

patients (Figure 3A). The result of the binary logistic regres-
sion is shown in the forest plot (Figure 3B). In order to verify
that the six risk factors obtained are accurate and credible,
calculate the ROC for the binary logistic regression and use the
calibration plot to verify. The results obtained are that the area
under the ROC curve is 0.75 (Figure 4A), which indicates that
the performance is medium, and the calibration plot showed
moderate agreement (Figure 4B). In summary, FHD, disease
course, hypertension, hyperuricemia, SBP, and HbA ¢ are risk
factors for DN in obese T2DM patients.

Discussion

Obesity-related kidney disease is similar to diabetes-related
kidney disease in physiology, anatomy, and pathology.'**°
Diabetic nephropathy is one of the reasons why patients
with chronic kidney disease eventually develop into kidney
transplantation. It is clinically manifested by continuous
proteinuria and a gradual decrease in the irreversible glo-
merular filtration rate. The results of this study show that the
prevalence of DN in obese T2DM patients in the Shanghai

community of Sanlin is 48.28%.

Family History of Diabetes

In previous studies, it has been pointed out that there is
a certain relationship between the genes on the chromo-
some and T2DM-related kidney disease.*'*? In a study on
T2DM and DN in the Chinese Han population, it was
pointed out that the rs1800783 polymorphism may be
a genetic risk factor for diabetic nephropathy. And the
family history of diabetes is polymorphic and positively
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Notes: (A) Choose the best parameter (1) in the LASSO model and use the lowest standard five-fold cross-validation. By using the minimum standard and the minimum
standard of | SE (I-SE standard), a dotted vertical line was drawn at the optimal value. (B) LASSO coefficient profiles of the 6 features. A vertical line was drawn at the value
selected using five-fold cross-validation, where the best lambda resulted in 6 features with non-zero coefficients.

Abbreviations: LASSO, least absolute shrinkage and selection operator; SE, standard error.
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Table 2 Coefficients and Lambda.lse Value of the LASSO
Regression

Factors Coefficients Lambda.lse
Hypertension (%) 0.029 0.059
Hyperuricemia (%) 0.156

FHD (%) 0.109

SBP (mmHg) 0.018

Disease course (years) 0.010

HbAlc (%) 0.090

Table 3 Logistic Regression Analysis of DN-Related Risk Factors

Predictor Odds Ratio | 95% Confidence P-value
Interval
Lower Upper
Hypertension
Yes 1.768 1.028 3.085 0.042
Hyperuricemia
Yes 2.263 1.338 3.878 0.003
FHD
Yes 2.091 1.329 3.319 0.002
SBP 1.027 1.014 1.041 <0.001
Disease course | 1.358 1.150 1.614 <0.001
HbAlc 1.050 1.014 1.089 0.007

correlated with NOS3 rs11771443 in DN, which has not
been reported before.”> The T2DM obese people are
a small part of T2DM and the family history of diabetes
is related to the occurrence of diabetes. A study on the
clinical and pathological characteristics of diabetic nephro-
pathy and non-diabetic nephropathy pointed out that
family history of diabetes can be used as an independent
predictor of DN, indicating that there is a relationship
between family history of diabetes and the occurrence of
DN. Therefore, people with a family history of T2DM
among T2DM obese people have a certain relationship
with the occurrence of DN.>* Our study concluded that
family history of T2DM is one of the risk factors for DN
in obese T2DM patients.

Disease Course

A cross-sectional study of T2DM patients in Thailand
showed that the course of diabetes is a risk factor for
DN.?* A national study of 54,670 T2DM patients showed
that the course of the disease is closely related to the
occurrence of DN.% In a study that examined the relation-

ship between DN and the course of diabetes, it was

pointed out that impaired renal function is accompanied
by a prolonged course of disease.?” The longer the dura-
tion of T2DM, the greater the adverse effects on the body,
and the same is true for T2DM obese patients. In our
study, the disease duration obtained from the data obtained
is a risk factor for DN in obese T2DM patients.

Hypertension

Studies have now shown that the prevalence of hyperten-
sion in T2DM patients is 1.5-3 times the prevalence of
that their 2

match age.
Hypertension is the basis for the occurrence of arterio-

non-T2DM  populations
sclerosis, which can cause adverse consequences such as
endothelial hyperplasia, sclerosis, vascular stenosis and
even occlusion. A prospective study investigating T2DM
patients in developing countries found that lower e-GFR
in patients with hypertension is a major factor leading to
the development of diabetic nephropathy, and pointed
out that hypertension is an independent risk factor for
diabetic nephropathy.”’ A study based on the Saudi
National Diabetes Registry’s study of risk factors for
DN in T2DM patients showed that hypertension is one
of the most important risk factors for DN in people with
type 2 diabetes.?® This study is aimed to explore the risk
factors of DN in obese patients with T2DM. Our result
confirms that hypertension is a risk factor for DN in
obese people with T2DM. This is similar to the results
of previous studies, suggesting that hypertension is a risk
factor for DN. And our result has important significance
for obese people in T2DM patients to pay more attention
to the prevention of hypertension.

Hyperuricemia

Hyperuricemia is closely related to UA. UA is an impor-
tant indicator to define whether a patient is hyperuricemia.
According to strict standards, hyperuricemia is defined by
male blood Uric acid (UA)> 420umol/L and female blood
UA> 360umol/L.'® Hyperlipidemia is the main risk factor
for DN.>* The study has shown that reducing UA levels
can improve diabetic nephropathy.’! In a study aimed at
exploring how hyperuricemia and obesity can cause renal
impairment in T2DM patients, it was pointed out that
increased obesity and UA increase the risk of kidney
damage.** In a study exploring the effect of hyperuricemia
on T2DM and DN, it was pointed out that hyperuricemia
is a potential risk factor for T2DM and DN.* It can be
known that T2DM obese patients with hyperuricemia are
more likely to have DN. In our study, it was proved that
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Figure 3 Visual display of risk factors.

B Subgroup Pvalue  Odd Ratio(95%Cl)
HTN s e 0.042 1.768(1.028,3.085)
HUA 0.003 2.263(1.338,3.878)
FHD —_— o 0.002 2.091(1.329,3.319)
SBP | ] <0.001 1.027(1.014,1.041)
HbAlc L o | <0.001 1.358(1.15,1.614)
Disease course 0007 1.05(1.014,1.089)

Notes: (A) Visualize the risk factors based on binary logistic regression. It can show the incidence of DN in obese T2DM patients. (B) OR forest plot of selected features.

Use forest plot to visualize logistic regression analysis.
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Figure 4 Verification of the binary logistic regression result.
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hyperuricemia is a risk factor for DN in obese T2DM

patients.

Systolic Blood Pressure

SBP is one of the main diagnostic indicators of hyperten-
sion. The research result has shown that SBP is considered
as an independent risk factor for microalbuminuria in
T2DM patients,>* so SBP can be considered as a risk
factor for DN. In an African American study of diabetic
nephropathy, blood pressure control was identified as
a risk factor for DN,*> The results of a prospective dia-
betes study in the UK showed that strict blood pressure
control can significantly reduce the risk of DN.*® Similar

conclusions have been made in previous studies.’’*® In

this study on the DN of obese patients with T2DM, we
obtained results showing that SBP is one of the risk factors
for DN of obese patients with T2DM. As we all know,
T2DM obese people are a special group of T2DM people.
Based on the results of this study, compared with non-
obese people, obese patients with T2DM should also pay
attention to the control of SBP.

Haemoglobin Alc

HbAlc is a sugar parameter that indicates that the average
blood glucose control level at 2 or 3 months is closely
related to the risk of diabetes complications.*” The results
of a study identified the relationship between glycemic
control and the development of microalbumin in T2DM
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patients. Statistical analysis of the study also indicated that
HbAlc was an
factor.*® Indirectly, it can be explained that HbAlc is

independent microalbuminuria risk

a risk factor for DN. A 10-year follow-up study in
Taiwan showed that HbAlc is an independent predictor
of ESDR, that is, HbAlc is used to predict the develop-
ment of ESRD in T2DM patients.*! It is enough to see that
HbAlc is an important factor for DN in T2DM patients.
HbAlc is one of the risk factors in a study on the risk
factors of DN in T2DM patients in Shanghai community.**
The result in this study indicated that HbAlc is a risk
factor for DN in obese patients with T2DM. Combined
with the results of this study and comparison with previous
results, it is concluded that non-obese T2DM patients still
need HbAlc attention. Compared with obese people,
HbAlc should be better controlled.

Limitation of This Study

There are some shortcomings in this study. First, the pre-
valence of DN in obese patients with type 2 diabetes was
screened through a questionnaire. Secondly, the research
design of this study is cross-sectional. The exposure vari-
ables and the outcome variables of the study coexist, and
the time sequence between the exposure and the outcome
cannot be judged. Therefore, the causal relationship
between the two groups cannot be obtained. In addition,
this study is based on the epidemiological investigation of
diabetic nephropathy in obese patients with type 2 dia-
betes. There is a lack of normal weight type 2 diabetic
patients as a control and the sample size of the data
obtained is limited, and the data has a certain regionality,
which is not representative. Therefore, the analysis of risk
factors for diabetic nephropathy may have some special
features and the lack of some risk factors. The analysis
needs to be combined with the actual situation, and it
needs to be confirmed and supplemented in the next large-
scale prospective study.

Conclusion

This study targeted obese people in T2DM patients. Screen
the prevalence of DN in obese patients with T2DM in the
Shanghai community of Sanlin. A systematic approach was
used to analyze the risk factors of DN in obese T2DM
patients. FHD, disease course, hypertension, hyperuricemia,
SBP, and HbA 1c are all risk factors for DN in obese T2DM
patients. This study provides theoretical and clinical basis
for preventing and delaying the occurrence and development
of diabetic nephropathy in T2DM obese patients. Patients

with T2DM obesity should pay attention to the three risk
factors of FHD, course of disease and hyperuricemia. For
patients with T2DM obesity, early diagnosis and early effec-
tive treatment should be adopted. They should always pay
close attention to and strictly control blood pressure and
HbAlc, which are risk factors that affect the occurrence
and development of DN. This approach is expected to
extend the survival of patients with DN.
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least absolute shrinkage and selection operator, FHD, family
history of diabetes; OR, odds ratio; CI, confidence interval,
ROC, receiver-operating characteristic.
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