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Abstract

Background: Research on the relationship between creatinine to body weight
ratios (Cre/BW ratios) and the prevalence of diabetes is still lacking. The inten-
tion of this research was to explore the potential relationship between Cre/BW
ratio and diabetes prevalence in Chinese adults.

Methods: This retrospective study was conducted on 199 526 patients in the
Chinese Rich Healthcare Group from 2010 to 2016. The participants were
divided into four groups on the basis of the quartiles of the Cre/BW ratios.
Multivariate multiple imputation and dummy variables were used to handle
missing values. Multivariate regression analysis was applied to detect the rela-
tionship between Cre/BW and diabetes. A smoothing plot was also used to
identify whether there were nonlinear relationships.

Results: After handling missing values and adjusting for potential con-
founders, the multivariate Cox regression analysis results showed that Cre/BW
was inversely correlated with diabetes risk (hazard ratio [HR]: 0.268; 95% con-
fidence interval [CI]: 0.229-0.314, p < 0.00001). For men, the HR of incident
diabetes was 0.255 (95% CI: 0.212-0.307) and for women it was 0.297 (95% CI:
0.218-0.406). Moreover, sensitivity analysis confirmed the stability of the
results. Furthermore, the smoothing plot revealed that there was a saturation
effect between Cre/BW and the incidence of diabetes.

Conclusions: This study demonstrated that increased Cre/BW is negatively
correlated with diabetes in Chinese adults. It also found that Cre/BW has a
nonlinear relationship with the incidence of diabetes.

KEYWORDS

body weight, creatinine, diabetes incident, dummy variables, multiple imputations,
nonlinearity

Zhuangsen Chen, Yang Zou and Fan Yang contributed equally to this work

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided

the original work is properly cited.

© 2022 The Authors. Journal of Diabetes published by Ruijin Hospital, Shanghai JiaoTong University School of Medicine and John Wiley & Sons Australia, Ltd.

Journal of Diabetes. 2022;14:167-178.

wileyonlinelibrary.com/journal/jdb | 167


https://orcid.org/0000-0002-9373-928X
https://orcid.org/0000-0001-7686-7020
mailto:huhaofei0319@126.com
mailto:wxyhorse@126.com
http://creativecommons.org/licenses/by/4.0/
http://wileyonlinelibrary.com/journal/jdb

MW] LE Y— Journal of Diabetes

CHEN ET AL.

Highlights

1 | INTRODUCTION

Diabetes mellitus (DM) is an important issue concerning
the health of the whole population, which contributes to
the global health burden. In 2019, there were 351.7 million
people (ages 20-64) with diagnosed or undiagnosed diabe-
tes. It is estimated that by 2045, this number will increase
to 486.1 million." In the future, the aging of the population
will further increase the number of people with diabetes
and bring greater challenges to public health and the econ-
omy.>> Besides being reported in adults, type 2 diabetes
(T2DM) is also increasing in children and adolescents,
leading to early complications and serious adverse health
consequences.4 Therefore, it is essential to identify the
occurrence of diabetes early in order to establish preven-
tive strategies for this disease.

Skeletal muscle is one of the main target organs of
insulin, which plays a significant role in maintaining glu-
cose homeostasis.>® Decrease in the skeletal muscle mass
leads to a reduction in systemic glucose uptake.” It contrib-
utes to insulin resistance both in nonobese and obese indi-
viduals.®® Skeletal muscle mass is related to many
diseases, such as insulin resistance, DM, metabolic syn-
drome (MS), nonalcoholic fatty liver (NAFLD), and cardio-
vascular disease.'®'? Insulin can enhance the synthesis of
muscle protein and inhibit the breakdown of muscle pro-
tein. Both insulin resistance and insulin deficiency can
cause a decrease in insulin signals in the skeletal muscle,
affect the regulation of skeletal muscle protein balance,
and may cause a decline in skeletal muscle quality."
Abnormal muscle protein metabolisms and skeletal mus-
cle atrophy have been observed in patients with T2DM.”*?
Therefore, the decrease of skeletal muscle mass is related
to the occurrence of insulin resistance and diabetes.

Serum creatinine (Cre) is considered to be an inexpen-
sive and easy-to-measure index instead of evaluating skeletal
muscle quality.’* Recently, studies have shown that Cre to
body weight ratios (Cre/BW), an interesting new indicator,
is closely related to T2DM"® and NAFLD.'®!” Hashimoto
et al. proved Cre/BW ratios may predict the risk of diabetes
and are negatively interrelated with the incidence of diabe-
tes in the Japanese population who underwent a health
checkup.'® However, there is no report about Cre/BW ratios
with diabetes to date in Chinese people. To address these

In Chinese adults, creatinine to body weight ratio is inversely associated with
diabetes risk, and the relationship is nonlinear. Those who have diabetes risk
factors and have low creatinine to body weight ratio should be vigilant against
the occurrence of diabetes.

issues, the motivation of this study was to detect the relation-
ship between Cre/BW and diabetes in Chinese people.

2 | METHODS

2.1 | Study population and design

The present data were acquired in the public database
DATADRYAD (www.Datadryad.org), published by Chen
et al.'® Allowing a no charge download, all the copyright
and the ownership of the data in the website have been
given up by the providers. Previous studies have been
approved by Rich Healthcare Group Review Committees
and conducted a retrospective analysis of the information
based on the Helsinki Declaration.'® This study is also a
retrospective observational study. The original research
did not provide informed consent. The research recruited
685 277 participants over 20 years old who had accepted
at least two health checkups in China from 2010 to 2016.
The data used in this study have been initially screened,
and 211 833 participants were included in the analysis.
The research design and selection criteria have been
described in detail in a previous article.'® For our further
research, Cre/BW ratios was calculated as Cre divided
by body weight, in which missing values (n = 11 175)
and outliers of Cre/BW ratios (<means minus 3 SD
[SD] or > means plus 3 SD) (n = 1132) were excluded."
Ultimately, this retrospective study was conducted in
199 526 participants (109 590 male and 89 936 female).

2.2 | Data Collection and Measurements

The researchers collected and measured the study
cohort's information and described it in detail previ-
ously.'®* Briefly, questionnaires were administered to
collect information on demographics (age, sex), lifestyle
(smoking, alcohol consumption), family history of dis-
ease, and personal medical history in each visit. BW and
height of all participants were measured in light clothing
without shoes on. Body mass index (BMI) was obtained
from the formula weight (kg) divided by the square of
height (meters). Parameters of blood pressure (BP) were
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measured with a mercury manometer. Smoking status
was classified as quitters, current smoker, and never
smoker. Drinking status was classified as former drinker,
current drinker, and never drinker. Venous blood was
drawn after fasting for at least 10 h at each visit and mea-
sured on autoanalyzers for fasting plasma glucose (FPG),
triglyceride (TG), total cholesterol (TC), low-density lipo-
protein cholesterol (LDL-C), high-density lipoprotein
cholesterol (HDL-C), and Cre. FPG of >7.00 mmol/L
and/or self-reported diabetes during the follow-up was
defined as the incidence of diabetes.

2.3 | Statistical analysis
Statistical analyses with the outcomes were run in the
statistical software package R (http://www.R-project.org,
The R Foundation) and Empower-Stats (http://www.
empowerstats.com, X&Y Solutions, Inc., Boston, MA).
First, the patients were divided based on the quartiles of
baseline Cre/BW ratios. Continuous variables were
reported by mean + SD and the Student f-test was used
for comparison, the categorical variables were reported
by frequency (percentage), and comparison was per-
formed by chi-square test. Subsequently, multiple linear
regression analysis was used to calculate the variance
inflation factor to check the collinearity of variables.*'
The risk of Cre/BW ratios on diabetes was assessed by
calculating the hazard ratio (HR) and 95% confidence
interval (CI) using Cox proportional-hazards model and
adjusted for age, gender, systolic BP (SBP), diastolic BP
(DBP), FPG, TG, HDL-C, LDL-C, smoking consumption,
drinking consumption, and family history of diabetes.
Unadjusted and adjusted HRs and 95% CIs were used to
quantify and assess the strength of the association. When
added to the model, variables with a matching risk rate
change of more than 10% were adjusted..”” Based on the
proposal of the Strengthening the Reporting of Observa-
tional Studies in Epidemiology (STROBE statement), all
of the models would be adjusted for none (model I), age,
gender, SBP, DBP, smoking consumption, alcohol con-
sumption, and family history of diabetes (model II),
model24+ FPG, TG, HDL-C, and LDL-C (model III).*
The Cre/BW was transformed into a categorical variable
to calculate the P value of trend, used to verify the result
of Cre/BW as a continuous variable, and the possibility of
nonlinearity was observed. Besides, considering the limi-
tations of the generalized linear model when handing the
nonlinearity, the weighted generalized additive model
(GAM)* was used in adjustment of the covariates in the
GAM model.

In addition, in order to maximize statistical power
and reduce bias, this study used the following analysis

WILEY_|l *®

to deal with missing values of covariates. When the
missing data were <20%, the multiple imputations of
the chain equation®*2° were used to estimate the miss-
ing value; otherwise, dummy variables®” were used to
indicate missing continuous variables. The missing
values of the categorical variables®”*® were treated as
a new categorical variable group. The original cohort
data (included only patients with no missing value in
all variables) were repeated baseline and Cox propor-
tional hazards regression analysis as a sensitivity
analysis.

Next, a smoothing plot was also used to observe the
relationship between the Cre/BW and diabetes risk.*® If
there was a nonlinear correlation in the smoothing plot,
the threshold effect was investigated by using two-
piecewise linear regression model. The inflection point
was automatically calculated by recursive method and
then applied with maximum likelihood model when the
ratio of Cre/BW to diabetes risk was evident in the
smooth curve. Additionally, Kaplan-Meier analysis and
logarithmic rank test were also carried out to compare
the discrepancy between Cre/BW quartiles. Furthermore,
considering the potential effects of sex in the Cre/BW
ratios, the study separately analyzed men and women. To
investigate the robustness of the results of different
groups of age, data were analyzed using Cox proportional
risk model. The model was adjusted for gender, SBP,
DBP, FPG, TG, HDL-C, LDL-C, smoking and drinking
status, and family history of diabetes. The likelihood ratio
was used to test the modification and interaction of
subgroups.

On the other hand, in order to further evaluate the
predictive performance of Cre/BW, BMI, weight, TG,
HDL-C, and Cre for diabetes, we also plotted the receiver
operating characteristic (ROC) curve and calculated the
area under the curve (AUC) of each parameter for
predicting diabetes.

P < 0.05 on both sides was statistically significant.

3 | RESULTS

Ultimately, a total of 199 526 participants (109 590 male
and 89 936 female) were included in our analysis. The
average follow-up was 3.13 + 0.94 years, and the mean
Cre/BW was 1.09 + 0.22. The mean age of males was
42.34 + 12.87 years old, and the average age of females
was 41.99 + 12.38 years old. The mean Cre levels in
men and women were 79.67 + 11.30 and 57.84 + 8.98
umol/L, and the mean BMI numbers were 24.22 + 3.23
and 22.09 + 3.08 kg/m?, respectively. At the end of the
study, 2872 men and 1103 women were newly diagnosed
with diabetes.
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3.1 | Baseline characteristics of the study
participants

Table 1 summarized baseline characteristics of original
data. According to Cre/BW quartiles, participants were
divided into four subgroups: quartile 1 (Q1), Cre/BW
< 0.94; quartile 2 (Q2), 0.94 < Cre/BW <1.08; quartile
3 (Q3), 1.08 < Cre/BW <1.23, and quartile 4 (Q4) Cre/BW
>1.23. The incidence of diabetes in each quartile was
3.230%, 1.995%, 1.542%, and 1.203%, respectively. In the
lowest Cre/BW group, the study found that participants
had higher BMI, SBP, DBP, FPG, TC, and LDL-C and
lower Cre. Moreover, (Table S1) listed the baseline charac-
teristics of males and females, respectively. There are sig-
nificant differences in the smoking consumption and

alcohol consumption of different groups of men; however,
no significant differences were found in women.

3.2 | The processing of missing values

The data set contained 20 missing values of SBP, 21 of
DBP, 3102 of TG (accounting for 3.93% of the total data),
84309 of HDL-C and LDL-C (43.3%, respectively),
142 216 of smoking and alcohol consumption (71.3%,
respectively). (listed in Table S2). Sensitivity analysis on
the original and complete-case data (Table S3) found that
there were statistical differences between the original
data and the complete-case data (p < 0.05). In order to
assess the impact of the bias caused by the missing data,

TABLE 1 Baseline characteristics of participants according to the quartiles of Cre/BW ratios

Cre/BW Q1 (<0.94) Q2 (0.94 to <1.08) Q3 (1.08 to <1.23) Q4 (>1.23) p value
Age (years) 42.37 + 11.69 42.12 + 12.04 41.97 + 12.65 42.27 + 14.09 <0.001
Gender <0.001

Male 20 330 (40.76%) 25 453 (51.02%) 29 326 (58.89%) 34 481 (69.01%)

Female 29 548 (59.24%) 24 431 (48.98%) 20 475 (41.11%) 15 482 (30.99%)
Height (cm) 166.61 + 8.68 166.63 + 8.46 166.62 + 8.23 166.21 + 7.90 <0.001
Weight (kg) 71.00 + 13.54 65.78 + 11.74 63.11 + 10.73 59.34 + 9.40 <0.001
BMI (kg/mz) 25.43 + 3.50 23.56 + 2.95 22.63 + 2.80 21.42 + 2.66 <0.001
SBP (mm Hg) 121.38 + 16.81 118.80 + 16.26 118.02 + 15.89 117.84 + 16.27 <0.001
DBP (mm Hg) 75.65 + 11.32 74.20 + 10.83 73.70 + 10.55 73.08 +10.31 <0.001
FPG (mmol/L) 4.79 £ 0.92 4.73 £ 0.90 4.70 + 0.89 4.64 +£0.88 <0.001
TC (mmol/L) 4.99 + 0.62 4.92 + 0.61 4.88 + 0.61 4.87 + 0.61 <0.001
TG (mmol/L) 1.51 +1.23 1.37 + 1.04 1.30 + 0.96 1.19 + 0.84 <0.001
HDL-C (mmol/L) 1.34 +0.31 1.37 £ 0.31 1.38 £ 0.31 1.39 + 0.30 <0.001
LDL-C (mmol/L) 2.81 £ 0.70 2.77 + 0.68 2.76 + 0.68 2.73 + 0.66 <0.001
Cre (umol/L) 58.59 + 11.38 66.34 + 11.94 7249 +12.41 81.90 + 13.44 <0.001
Smoking status <0.001

Never smoker 10 453 (78.22%) 10 863 (76.18%) 10 942 (75.16%) 11 284 (74.59%)

Ever smoker 505 (3.78%) 590 (4.14%) 673 (4.62%) 691 (4.57%)

Current smoker 2405 (18.00%) 2807 (19.68%) 2943 (20.22%) 3154 (20.85%)
Drinking status <0.001

Never drinker 11 313 (84.66%) 11 826 (82.93%) 11 865 (81.50%) 12 412 (82.04%)

Ever drinker 1758 (13.16%) 2094 (14.68%) 2341 (16.08%) 2420 (16.00%)

Current drinker 292 (2.19%) 340 (2.38%) 352 (2.42%) 297 (1.96%)
Family history of diabetes <0.001

No 48 504 (97.25%) 48 783 (97.79%) 48 842 (98.07%) 49 205 (98.48%)

Yes 1374 (2.75%) 1101 (2.21%) 959 (1.93%) 758 (1.52%)
incidence of diabetes 1611 (3.230%) 995 (1.995%) 768 (1.542%) 601 (1.203%) <0.001

Note: Values are n(%) or mean + SD.

Abbreviations: BMI, body mass index; Cre, serum creatinine; Cre/BW, creatinine to body weight ratio; DBP, diastolic blood pressure; FPG, fasting plasma
glucose; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipid cholesterol; sBP, Systolic blood pressure; TC, total cholesterol; TG, triglyceride.
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FIGURE 1 The nonlinear relationship between Cre/BW and incidence of diabetes (A), and a nonlinear relationship between them in
different sexes (B). Abbreviation: Cre/BW, creatinine to body weight ratio

TABLE 4 The result of the two-piecewise linear regression model

Male (HR, 95% CI, p)
0.26 (0.21, 0.31) <0.0001

Female (HR, 95% CI, p)
0.30 (0.22, 0.41) <0.0001

Total (HR, 95% CI, p)
Fitting model by standard linear regression 0.27 (0.23, 0.31) <0.0001

Fitting model by two-piecewise linear regression
1.06

0.13 (0.10, 0.16) <0.0001
0.62 (0.46, 0.82) 0.0008

1.06
0.11 (0.08, 0.16) <0.0001
0.55 (0.40, 0.75) 0.0002

0.87
0.05 (0.02, 0.12) <0.0001
0.59 (0.39, 0.89) 0.0126

Inflection point of Cre/BW
< Inflection point

> Inflection point

p for log likelihood ratio test <0.001 <0.001 <0.001

Note: We adjusted for age, gender, SBP, DBP, FPG, TG, HDL-C, LDL-, smoking and drinking status, and family history of diabetes in Total. And adjusted age,
SBP, DBP, FPG, TG, HDL-C, LDL-C, smoking and drinking status, and family history of diabetes in different gender.

Abbreviations: CI, confidence interval; Cre/BW, creatinine to body weight ratio; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HDL-C, high-
density lipoprotein cholesterol; HR, hazard ratio; LDL-C, low-density lipid cholesterol; Ref, reference; SBP, systolic blood pressure; TG, triglyceride.

the following analysis was performed in the study.
Researchers respectively treated missing data of smoking
and drinking status as a categorical variable and used
multiple imputations for missing data of SBP, DBP, TG,
HDL-C, and LDL-C, based on five replications and a
chained equation approach method (Table S4). Interest-
ingly, after repeated sensitivity analysis, there was still a
distinct difference in HDL-C and LDL-C between
preimputation and postimputation (p < 0.001). Thus,
after multiple imputations at SBP, DBP, and TG, the
missing values for HDL-C and LDL-C were estimated by
dummy variables. Moreover, the missing values of
smoking and drinking status were respectively regarded
as a new classified variable group.

3.3 | The multivariate analysis of
Cre/BW with DM risk

First, researchers conducted screening variables collinearity
diagnostics, and the results and details are presented in

(Table S5). Second, the results of multivariate regression
analysis after missing value processing are shown in Table 2
(Queue I). In the crude model, Cre/BW was negatively asso-
ciated with the incidence of diabetes (HR: 0.095, 95% CI:
0.081-0.111, p < 0.00001). In Model I (adjusted age, gender,
family history of diabetes, smoking and drinking consump-
tion), the conclusion was the same as the crude model (HR:
0.092, 95% CI: 0.078-0.108). After adjusted age, gender,
SBP, DBP, FPG, TG, HDL-C, LDL-C, smoking and drinking
consumption, and family history of diabetes (Model II), the
results remained negative (HR: 0.268, 95% CI: 0.229-0.314).
A significant relationship between the Cre/BW and the risk
of incident diabetes was found in both basic and fully
adjusted models, with a HR of 0.790 (95% CI: 0.777-0.803)
and 0.877 (95% CI: 0.863-0.891) reported for per-0.10
Cre/BW increase. Sensitivity analysis using Cre/BW as a
categorical variable (quartile) found that in Model II, the
risk of diabetes was 53.9% lower in the top quartile than in
the bottom quartile, and significant trends were found in
the quartile (P for trend<0.00001). Then the continuous
covariates were inserted into the equation in the form of
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curves by GAM. In GAM model, the results are roughly the
same as before (HR: 0.314; 95% CI. 0.226-0.369,
D < 0.00001), showing the robustness of the results. Third,
multiple regression analysis was used to compare the rela-
tionship between Cre/BW and diabetes risk under different
missing processing modes (Queue II and Queue III in
Table 2). The result retained a negative correlation between
Cre/BW and the incidence of diabetes under different
modes. In addition, when the covariates are not adjusted
(crude model), the HRs of incident diabetes in the mode
where multiple and dummy variables were used to estimate

the missing values of the continuous variable (Queue I) was
the same as the HRs for complete-case data (Queue II). It
seems that the result is more reliable.

3.4 | Correlation between Cre/BW and
the incidence of diabetes in men and
women after missing value processing

Table 3 presented the results of Cox proportional-hazards
regression analyses between Cre/BW and the incidence of

A)
Cre/BW quartile
7Q1
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%
221
=
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T T T T T T T
0 1 2 3 4 5 6 7
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Number at risk
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2 3 4 5 6 7
Year of follow-up
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— QI — — qQ
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Year of follow-up Year of follow-up
FIGURE 2 Kaplan-Meier event-free survival curve. (A) Kaplan-Meier analysis of incidence of diabetes based on Cre/BW quartiles (log-

rank, p < 0.0001) in total. (B) Kaplan-Meier analysis of the incidence of diabetes in men. (C) Kaplan-Meier analysis of the incidence of
diabetes in women. Abbreviation: Cre/BW, creatinine to body weight ratio



CHEN ET AL.

WILEY_l '

Journal of Diabetes

diabetes in men and women. After adjusting for age, gen-
der, SBP, DBP, FPG, TG, HDL-C, LDL-C, smoking and
drinking consumption, and family history of diabetes,
Cre/BW was negatively correlated with diabetes risk for
men (0.255; 95% CI: 0.212-0.307) and women (0.297; 95%
CI: 0.218-0.406). Furthermore, it was also consistent with
the GAM (HR: 0.295; 95% CI: 0.245 to 0.356 for men and
HR: 0.340; 95% CI: 0.248 to 0.466 for women). In addition,
when the quartile of Cre/BW was used as a categorical
variable, the trend between quartiles was also statistically
significant (P for trend <0.00001).

3.5 | The result of the smoothing plot
and threshold effect

The smoothing plot was performed to explore the
nonlinear relationship between Cre/BW and the

1.0

0.8

0.6

Sensitivity

0.4

0.2

0.0

T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0

1 - Specificity

FIGURE 3
curves. Abbreviations: BMI, body mass index; Cre/BW, creatinine

The results of receiver operating characteristics

to body weight ratio; HDL-C, high-density lipoprotein cholesterol;
TG, triglyceride

TABLE 5 Effect of Cre/BW, BMI,

incidence of diabetes (Figure 1), based on one replication
of multiple imputation data. The study found a nonlinear
relationship (after adjusting for age, gender, SBP, DBP,
FPG, TG, HDL-C, LDL-C, smoking and drinking con-
sumption, and family history of diabetes) in total (HR:
0.268; 95% CI: 0.229-0.314) and different sex group (HR:
0.255; 95% CI: 0.212-0.307 for men and HR: 0.297; 95%
CI: 0.218-0.406 for women). The inflection point of
Cre/BW calculated by the two-piecewise linear regression
model was 1.06 (log-likelihood ratio test p < 0.001). On
the left side of the inflection point, it showed that
Cre/BW was correlated with diabetes (HR: 0.13; 95% CI:
0.10-0.16, p < 0.0001). However, on the right side of the
inflection point, their relationship gradually became satu-
rated (HR: 0.62; 95% CI: 0.46-0.82, p = 0.0008). Furthermore,
the inflection point of Cre/BW was 1.06 (log-likelihood ratio
test p < 0.001) in males and 0.87 (log-likelihood ratio test
p < 0.001) in females. It also found the effect sizes on both
sides of the inflection point are not consistent in different
sexes. (Table 4).

3.6 | Kaplan-Meier analysis

The Kaplan-Meier curve indicated a significant difference
in the risk of diabetes among the quartiles of Cre/BW
(log-rank test, p < 0.0001). With the increase of Cre/BW,
the accumulated risk of diabetes gradually attenuated,
and the relationship between the lowest quartile
(Q1) and the risk of diabetes is the strongest. Moreover, it
also found statistically significant differences between
men and women. (Figure 2).

3.7 | The results of subgroup analyses

There was a linear correlation between Cre/BW and dia-
betes in all age subgroups, but the intensity of the rela-
tionship was different in different age groups (p for trend
=0.0004). It suggested that the relationship between
Cre/BW and diabetes was affected by age. The results of

Variable AUC (95% CI) Cutoff point Specificity Sensitivity
weight, TG, HDL-C, and Cre for the
risk of diabetes Cre/BW 0.617 (0.6078-0.626) 1.004 0.637 0.538
BMI 0.740 (0.733-0.747) 24.595 0.677 0.682
Weight 0.691 (0.683-0.699) 65.050 0.555 0.727
TG 0.717 (0.710-0.724) 1.255 0.610 0.715
HDL-C 0.581 (0.570-0.592) 1.175 0.733 0.387
Cre 0.552 (0.543-0.560) 61.956 0.345 0.759

Abbreviations: AUC, area under the curve; BMI, body mass index; Cre, serum creatinine; Cre/BW,
creatinine to body weight ratio; HDL-C, high-density lipoprotein cholesterol; TG, triglyceride.
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subgroup and interaction analysis results shown in
Table S6.

3.8 | The predictive value of Cre/BW for
diabetes

Figure 3 shows ROC analysis results of Cre/BW, BMI,
weight, TG, HDL-C, and Cre for predicting diabetes. It
can be seen that among these markers, Cre/BW has good
discrimination ability in predicting the risk of diabetes,
with an AUC of 0.6168, whereas BMI seems to be a better
predictor of diabetes, with an AUC of 0.7398, sensitivity
of 68.20% and specificity of 67.72% (Table 5). Weight and
TG also have good predictive performance for DM with
AUC of 0.691 and 0.717. In addition, Cre/BW has better
predictive performance than Cre (AUC = 0.551).

4 | DISCUSSION

After dealing with the missing value, this study found
that there was a negative correlation between Cre/BW
and the incidence of diabetes in the Chinese population,
and the effect values were different among different age
groups. The correlation remained significantly indepen-
dent of several confounders such as age, sex, SBP, DBP,
FPG, TG, HDL-C, LDL-C, smoking and drinking con-
sumption, and family history of diabetes. The relation-
ship between them did not change significantly in the
original data, suggesting that their relationship is rela-
tively stable. In addition, Cre/BW has a nonlinear rela-
tionship with the incidence of diabetes. Although its
predictive value was slightly lower than BMI, weight, and
TG, Cre/BW had a better ability to predict the risk of
developing diabetes (AUC =0.6168) than Cre alone
(AUC = 0.551).

Lin and his colleagues have reported the relationship
between Cre/BW and NAFLD,'® and it was known that
NAFLD is connected with obesity and insulin resis-
tance..® To our knowledge, studies investigating the rele-
vance between Cre/BW and diabetes risks are sparse.
Recently, a study conducted by Hashimoto et al.'®
suggested that an independent association of diabetes
risks with Cre/BW ratios in the NAGALA Study in
Japan. The results of this study are similar to Hashimoto
and his colleagues. After handling missing values, with
the increase of Cre/BW, the incidence of diabetes
decreased (HR: 0.268; 95% CI: 0.229-0.314), and it also
makes sense in different genders (HR: 0.255; 95% CI:
0.212-0.307 for men and HR: 0.297; 95% CI: 0.218-0.406
for women). Moreover, a nonlinear relationship was
found between Cre/BW and incidence of diabetes (after

adjusting for age, gender, SBP, DBP, FPG, TG, LDL-C,
HDL-C, smoking and drinking consumption, and family
history of diabetes) by the cubic spline smoothing tech-
nique, and the effect sizes on the left and right sides of
the inflection point were inconsistent: left (HR: 0.13; 95%
CL: 0.10-0.16, p < 0.0001); right (HR: 0.62; 95% CI: 0.46—
0.82, p = 0.0008). This result suggested there was a satu-
ration effect between Cre/BW and incidence of diabetes.

Under ideal conditions, Cre is considered a good sub-
stitute for skeletal muscle.”’ Abnormal muscle protein
metabolism and skeletal muscle atrophy have been
reported in T2DM patients.”'* When weight gain is cau-
sed by decreased muscle mass and an increase fat mass,
especially visceral fat accumulation, the Cre/BW is a
more reliable skeletal muscle mass indicator than Cre or
weight alone.'®* The relationship between weight-
adjusted Cre and metabolic parameters is better than
height-adjusted Cre,>* and it is closely related to MS*
and NAFLD. Therefore, although Cre/BW was not as
predictive as BMI, it combined with Cre and body weight
takes into account more factors, such as weight gain asso-
ciated with muscle loss. This is the first time it has been
compared with other indicators, the results may help to
develop diabetes prediction strategies in the future. The
mechanism underlying the association between the
reduction of skeletal muscle mass and the occurrence of
diabetes has not been cleared, but it may be multiple
mechanisms as follow. Skeletal muscle plays a vital role
in glucose metabolism. It is one of the main parts of
insulin-mediated glucose uptake, especially postprandial
glucose.>® Accompanied by decreased skeletal muscle
mass, decreased insulin sensitivity, abnormal glucose,
and fatty acid metabolism, the maintenance and increase
of skeletal muscle mass may ameliorate insulin resis-
tance."*?” The mitochondrial network in muscle cells
maintains the movement and metabolic functions of skel-
etal muscle. The decrease in skeletal muscle volume leads
to the decline of mitochondria, which leads to the inabil-
ity to metabolize fatty acids in skeletal muscle, which
may increase insulin resistance by inhibiting insulin sig-
naling, including inhibition of glucose transporter type
4 (GLUT4).*®**° The tissue-specific knockout of glucose
transporter 4 (GLUT4) in muscle showed severely
impaired glucose tolerance and hyperinsulinemia.*!
Besides, nuclear factor secreted by skeletal muscle has
been found to prevent insulin resistance.”** Therefore,
insulin resistance may be a potential mechanism linking
muscle mass and diabetes, and weight-adjusted Cre may
be a good representative parameter of diabetes risk.

One of the key strengths of our study was a relatively
large sample size and a multicenter study. Furthermore,
this study found a nonlinear relationship between
Cre/BW and diabetes risk and further explored this.
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Moreover, in order to maximize statistical power and
minimize bias, the study dealt with missing values, and
sensitivity analysis was performed to evaluate the possi-
ble influence of missing values. At the same time, the tar-
get independent variable is taken as a continuous
variable and a classified variable, respectively. This
method can enhance the robustness of data analysis.

However, several limitations need to be mentioned in
the present study. First, because the study population is
limited to Chinese participants, this may not be general-
ized to other populations. Second, because the primary
research was not designed to discuss the relationship
between Cre/BW and diabetes, there is inevitably a lack
of data. However, the study handled the missing data,
and the sensitivity analysis indicated that the nonmissing
data was consistent with the processed data, and the
result was not affected. Third, this study was based on
the secondary analysis of published data, and some vari-
ables cannot be analyzed in this study, such as exercise,
body fat mass, and insulin resistance. Fourth, because
there is no oral glucose tolerance test in the study popula-
tion, this may underestimate the incidence of diabetes.
However, oral glucose tolerance testing is impractical in
a large sample population.

5 | CONCLUSION

This study demonstrated that Cre/BW had a negative cor-
relation with the risk of diabetes in Chinese adults, and
this relationship was nonlinear. Adults with lower
Cre/BW should be alerted to the risk of diabetes and
early screening should be carried out for those with risk
factors for diabetes.
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