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ABSTRACT

Introduction: Diabetic kidney disease (DKD)
has become the leading cause of chronic kidney
disease and end-stage renal failure in most
developed and many developing countries.
Strategies aimed at identifying potential modi-
fiable risk factors for DKD are urgently needed.
Here, we investigated the association between
clusters of body fat and nutritional parameters
with DKD in adults with type 2 diabetes melli-
tus (T2DM).
Methods: This was a cross-sectional study of
184 participants with T2DM. Biochemical
parameters including fasting blood glucose,
hemoglobin A1c, hemoglobin, albumin, crea-
tinine, and urinary albumin-to-creatinine ratio
(UACR) were measured. The data for percentage
of body fat mass (PBF), visceral fat area (VFA),
phase angle at 50 kHz (PA50), and body cell
mass (BCM) were obtained by bioelectrical

impedance analysis (BIA). DKD was diagnosed
by UACR and estimated glomerular filtration
rate. Factor analysis was used for dimensionality
reduction clustering among variables. The
association of clusters with the presence of DKD
was assessed using binary logistic regression
analysis.
Results: Factor analysis identified two clusters
which were interpreted as a body fat cluster
with positive loadings of VFA, body mass index,
waist circumstance, and PBF and a nutritional
parameters cluster with positive loadings of
PA50, hemoglobin, BCM, and albumin. Partici-
pants were divided into the four groups based
on the sex-specific cutoff value (median) of each
cluster score calculated using the cluster
weights and the original variable values. Only
participants with high body fat and poor
nutritional parameters (OR 3.43, 95% CI
1.25–9.42) were associated with increased odds
of having DKD.
Conclusion: Body fat and nutritional parame-
ters were strongly associated with and consid-
erably contributed to the presence of DKD,
suggesting that body fat and nutrition might be
promising markers representing metabolic state
in pathogenesis of DKD and clinical utility of
BIA might provide valuable recommendations
to patients with T2DM.
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Key Summary Points

Why carry out the study?

Diabetic kidney disease (DKD) develops in
approximately 40% of patients with
diabetes and has become the leading cause
of chronic kidney disease. Strategies
aimed at identifying potential modifiable
risk factors for DKD are urgently needed.

Factor analysis was applied to investigate
whether body composition and
biochemical parameters were associated
with DKD.

What was learned from the study?

Two clusters interpreted as body fat and
nutritional parameters were identified in
the study population. Subjects with
diabetes with high body fat and poor
nutritional parameters had increased odds
of DKD.

Body fat and nutrition might be promising
markers that represent metabolic state in
pathogenesis of DKD and clinical utility of
bioelectrical impedance analysis might
provide valuable recommendations to
patients with T2DM.

INTRODUCTION

The prevalence of diabetes mellitus among Chi-
nese adults is approximately 11.2% [1]. Diabetic
kidney disease (DKD) develops in 20–40% of
patients with diabetes [2] and has become the
leading cause of chronic kidney disease (CKD) in
China [3]. Ameta-analysis of observational studies
demonstrated that the overall pooled prevalence
of DKD among Chinese patients with type 2 dia-
betes mellitus (T2DM) was 21.8% [4], indicating
that strategies aimed at identifying potential
modifiable risk factors forDKDareurgentlyneeded
to screening and management of DKD. However,

currently the pathogenesis of DKD remains
incompletely understood.

To date, risk factors for DKD are conceptually
classified as susceptibility factors (age, sex, race,
etc.), initiation factors (hyperglycemia and
acute kidney injury), and progression factors
(hypertension, obesity, etc.) [5]. A DKD risk
prediction model consisting of nine risk factors,
namely age, body mass index (BMI), smoking,
diabetic retinopathy (DR), hemoglobin A1c
(HbA1c), systolic blood pressure (BP), high-
density lipoprotein (HDL), triglyceride (TG),
and urinary albumin-to-creatinine ratio
(UACR), was established and validated for
detecting patients at high risk of DKD with a
sensitivity of 0.85 and a specificity of 0.68 [6].

In recent years, there has been emerging inter-
est in assessing body composition parameters
using bioimpedance analysis, which estimate the
body composition based on different electricity
flows in different media such as water and fat [7].
Changes in fat distribution in adults may con-
tribute to the increased risk of T2DM. Moreover,
lifestyle, pharmacological, and surgical interven-
tions that lower visceral fat may be of benefit for
patients with T2DM [8]. Body composition mea-
sures were strongly associated with the presence
and severity of DR, which is one of the diabetic
microvascular complications besides DKD [9].
Specifically, perirenal fat thickness was signifi-
cantly associated with the risk for development of
DKD [10]. Notably, the body composition param-
eters also include phase angle at 50 kHz (PA50),
andbodycellmass (BCM),whichmaybetter reflect
a person’s cellular integrity and nutritional status.
However, few studies have applied these nutri-
tional parameters in persons with diabetes.

In this study, we aimed to investigate the
associations of body fat and nutritional parame-
ters assessedbybodycompositionmeasurements
with the presence ofDKD inpatientswithT2DM.

METHODS

Ethics Approval and Consent
to Participate

This study adhered to the principles of the
Declaration of Helsinki of 1964 and its later
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amendments and the protocols were approved
by the ethics committee of Nanjing Medical
University (Approval No. 2019KY097). The
ethics clearance, information sheet, and con-
sent form were approved by the faculty insti-
tutional review board. Study participants were
outpatients visiting the department of
Nephrology and Endocrinology, the Second
Affiliated Hospital of Nanjing Medical Univer-
sity. We obtained written informed consent
from all participants. No identifying informa-
tion was included in the manuscript.

Study Participants

The present cross-sectional study recruited par-
ticipants aged C 18 years with T2DM who
underwent body composition measurements
between January 2020 and December 2020 in a
consecutive manner. T2DM was confirmed
using either one of the following criteria: fasting
plasma glucose C 126 mg/dL, random glu-
cose C 200 mg/dL, or HbA1c C 6.5% according
to American Diabetes Association 2018 criteria
[11]. DKD was diagnosed as urinary albumin-to-
creatinine (UACR) C 30 mg/g or estimated
glomerular filtration rate (eGFR)\ 60 ml/min/
1.73 m2 in the absence of signs or symptoms of
other primary causes of kidney damage [12].
eGFR was calculated using the chronic kidney
disease epidemiology collaboration equation
(CKD-EPI equation, http://www.nkdep.nih.
gov). The participants with unreliable body
composition measurement data, lacking urinary
albumin creatinine or serum creatinine were
excluded from this study. Moreover, patients
with nondiabetic kidney disease (NDKD), acute
inflammatory diseases, acute kidney injury,
systemic diseases, malignant neoplasm, endo-
crine disorders other than T2DM, or having
received kidney replacement therapy were
excluded (Fig. 1).

Clinical Examination and Interview

Blood and morning urine samples were col-
lected from all participants who had fasted
overnight. The biochemical parameters includ-
ing fasting blood glucose (FBG), HbA1c,

hemoglobin, albumin, TG, total cholesterol
(TC), low-density lipoprotein (LDL), HDL,
UACR, serum creatinine, and uric acid were
tested. Smoke and alcohol consumption were
categorized on the basis of the participants’
responses in a standard questionnaire. Height,
weight, waist circumference (WC), BP, and
heart rate (HR) were measured by a trained
nurse. An arm electronic sphygmomanometer
was applied to measure HR and BP. The average
of two separate measurements of systolic and
diastolic BP was recorded. A third measurement
was be taken if a BP difference C 10 mmHg for
systolic BP or C 5 mmHg for diastolic BP
occurred with the two closest BP measurements
averaged and recorded [13]. Hypertension was
diagnosed for those with systolic
BP[ 140 mmHg or diastolic BP[90 mmHg or
on antihypertension medication [14]. Coronary
artery disease (CAD) and diabetic retinopathy
(DR) were registered according to previous
medical record. Height, WC, and weight were
measured using an adjustable and wall-moun-
ted tape, a 151-cm medical tape, and a cali-
brated digital weight scale (Omron Karada Scan
Body Composition Scale HBF-375; Omron,
Osaka, Japan), respectively. BMI was calculated
by weight in kilograms divided by the square of
height in meters.

Fig. 1 Flowchart of the subject recruitment in this study.
NDKD nondiabetic kidney disease, T2DM type 2 diabetes
mellitus
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Measurement of Body Composition
Parameters

Bioelectrical impedance analysis (BIA) was
applied to evaluate body composition using
InBody S10 (InBody Japan, Tokyo, Japan) as
previously described [9]. Patients that have any
medical electrical devices were not subjected to
use this equipment. Study populations were not
allowed to eat, exercise, take a bath, or shower
prior to testing. Measurement was performed in
a lying posture after urination or excretion
before midday under normal temperature con-
ditions (20–25 �C). The examinee maintained a
lying posture for about 10–15 min before and
during the test with arms spread naturally to a
15� angle away from the trunk and legs spread
to shoulder width. After the electrodes (touch
type) were connected, information of weight,
height, age, and gender were input and the test
was started. The data for body fat mass (kg),
visceral fat area (VFA, cm2), PA50 (degree), and
BCM (kg) were obtained. Percentage of body fat
mass (PBF, %) was calculated by dividing body
fat mass in kg by body weight in kg.

Statistical Analysis

We used the SPSS 25 software package for data
analysis. Continuous variables were described
using mean ± standard deviation (SD) or med-
ian (25th and 75th percentiles), depending on
whether or not the data were normally dis-
tributed (assessed by the Shapiro–Wilk test).
Categorical variables are reported as propor-
tions. Student t test or Mann–Whitney U test
was used to compare continuous variables
between two groups. Analysis of variance
(ANOVA) or the Kruskal–Wallis test was used to
compare among three or more groups. v2 tests
were used to compare proportion variables.

Factor analysis was used for dimensionality
reduction clustering among variables to distill
complex information from multiple factors into
summary scores representing distinct dimen-
sions [15, 16]. Briefly, model fit was tested by
the Kaiser–Meyer–Olkin measure of sampling
adequacy. The calculated value of 0.606 was
regarded as an indicator of good model fit.

Bartlett’s test for sphericity was significant with
a P value\ 0.001 indicating significant rela-
tionships between the variables. To determine
the number of factors to extract, we initially
performed principal components analysis and
examined the number of eigenvalues[1 and
the scree plot; we also conducted parallel anal-
ysis. Varimax rotation was then performed with
identification of variables comprising a cluster
based on loadings greater than 0.5. To derive
factor scores, we used the regression scoring
method, which created standardized scores for
each cluster. These scores represented the sub-
jects’ predicted values for each cluster and were
calculated using the cluster weights and the
original variable values. Names for each cluster
were created according to the hypothesized
physiology of the most highly loading factors.

Associations between cluster scores and
clinical characteristics were examined by
Spearman correlation test. Binary logistic
regression model was applied to estimate the
associations of different group with the pres-
ence of DKD. Model 1 was unadjusted. Model 2
was adjusted for age and sex. Model 3 was fur-
ther adjusted for smoking, diabetes duration,
systolic BP, diastolic BP, FBG, TC, and TG. All
statistical tests were two-sided, and P\0.05 was
considered statistically significant.

RESULTS

Table 1 summarizes the clinical characteristics,
biochemistry results, and body composition
parameters at study entry. We recruited 184
participants (64.67% male) with a median age
of 57 years. Ninety-three (50.54%) of the par-
ticipants had a history of hypertension and the
median duration of diabetes was 68.50 months.
The median eGFR was 100.13 ml/min/1.73 m2.
Sixteen participants had eGFR lower than
60 ml/min/1.73m2. Eighty-six (46.74%) partici-
pants were diagnosed with DKD. The partici-
pants had a mean BMI of 25.65 ± 3.40 kg/m2

and a median WC of 88.35 (82.13, 95.83) cm.
The median hemoglobin was 145.00 (131.25,
157.00) g/L and median albumin was 43.15
(39.95, 46.48) g/L. Body composition measure-
ments showed that mean PBF was
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Table 1 Clinical characteristics of the participants

Characteristics Total (n = 184) Male (n = 119) Female (n = 65) P value

Age, years 57.00 (49.00, 62.00) 56.00 (46.00, 61.00) 59.00 (53.00, 63.00) 0.068

Smoking, n (%) 88 (47.83%) 82 (68.91%) 6 (9.23%) \ 0.001

Alcohol consumption, n (%) 72 (39.13%) 71 (59.66%) 1 (1.54%) \ 0.001

BMI, kg/m2 25.65 ± 3.40 25.96 ± 3.26 25.09 ± 3.59 0.098

Systolic BP, mmHg 131.50 (121.00, 145.00) 130.00 (121.00, 144.00) 132.00 (120.00, 145.00) 0.911

Diastolic BP, mmHg 83.08 ± 10.52 84.03 ± 10.19 81.34 ± 10.97 0.097

HR, bpm 75.00 (70.00, 82.00) 76.00 (72.00, 84.00) 74.00 (70.00, 80.00) 0.014

Duration of diabetes, months 68.50 (13.00, 154.75) 60.00 (8.00, 132.00) 76.00 (26.50, 188.00) 0.058

Hypertension, n (%) 93 (50.54%) 57 (47.90%) 36 (55.38%) 0.332

DR, n (%) 53 (28.80%) 39 (32.77%) 14 (21.54%) 0.108

CAD, n (%) 10 (5.43%) 6 (5.04%) 4 (6.15%) 0.750

Hemoglobin, g/L 145.00 (131.25, 157.00) 150.00 (141.00, 160.00) 135.00 (121.50, 143.00) \ 0.001

Albumin, g/L 43.15 (39.95, 46.48) 43.60 (40.50, 46.80) 42.20 (37.90, 45.75) 0.058

FBG, mmol/L 8.50 (6.41, 11.37) 8.75 (6.41, 11.37) 8.30 (6.45, 11.71) 0.925

HbA1c, % 8.65 (7.28, 10.60) 8.75 (7.38, 10.63) 8.55 (7.20, 10.60) 0.914

Creatinine, lmol/L 65.05 (54.30, 80.18) 71.60 (61.90, 88.30) 53.80 (44.95, 62.35) \ 0.001

Uric acid, lmol/L 312.50 (262.25, 362.75) 324.00 (285.00, 377.00) 280.00 (239.00, 325.00) \ 0.001

eGFR, ml/min/1.73 m2 100.13 (85.12, 109.45) 100.16 (82.81, 109.54) 100.10 (91.92, 109.40) 0.955

UACR, mg/g 21.48 (8.65, 112.67) 24.00 (8.80, 123.10) 21.10 (7.90, 83.93) 0.552

DKD, n (%) 86 (46.74%) 59 (49.58%) 27 (41.54%) 0.296

TC, mmol/L 4.57 (3.85, 5.32) 4.44 (3.80, 5.14) 4.79 (4.02, 5.93) 0.039

TG, mmol/L 1.62 (1.09, 2.43) 1.56 (1.08, 2.54) 1.77 (1.13, 2.33) 0.722

HDL, mmol/L 1.06 (0.90, 1.27) 0.98 (0.86, 1.18) 1.22 (0.97, 1.41) \ 0.001

LDL, mmol/L 2.88 (2.21, 3.38) 2.85 (2.27, 3.25) 3.03 (2.20, 3.81) 0.191

PBF, % 28.07 ± 6.77 25.59 ± 5.67 32.62 ± 6.27 \ 0.001

VFA, cm2 87.85 (69.23, 110.63) 83.60 (66.90, 104.40) 98.90 (73.10, 126.30) 0.008

PA50, degrees 5.63 ± 0.89 5.96 ± 0.82 5.03 ± 0.68 \ 0.001

BCM, kg 33.65 ± 6.12 36.50 (33.20, 39.50) 27.50 (25.15, 30.05) \ 0.001

WC, cm 88.35 (82.13, 95.83) 91.05 ± 9.96 86.10 ± 8.71 0.001

BCM body cell mass, BMI body mass index, BP blood pressure, CAD coronary artery disease, DKD diabetic kidney disease,
DR diabetic retinopathy, eGFR estimated glomerular filtration rate, FBG fast blood glucose, HbA1c hemoglobin A1c, HDL
high-density lipoprotein, HR heart rate, LDL low-density lipoprotein, PA50 phase angle at 50 kHz, PBF percentage of body
fat mass, TC total cholesterol, TG triglyceride, UACR urinary albumin-to-creatinine ratio, VFA visceral fat area, WC waist
circumference
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28.07 ± 6.77%, median VFA was 87.85 (69.23,
110.63) cm2, mean PA50 was 5.63 ± 0.89�, and
mean BCM was 33.65 ± 6.12 kg. Female sub-
jects had lower levels of hemoglobin, PA50,
BCM, and WC and higher levels of PBF and VFA
compared to male subjects. The presence of
DKD was similar among female and male
subjects.

Table 2 summarizes cluster analysis results
for the total group of 184 participants. A model
with two distinct factors was chosen and there
was a reduction in variable number from the
original eight to two composite clusters. These
two clusters taken together explained about
72.71% of the variance in the original data
(cluster 1, 42.48%; cluster 2, 30.23%). These
clusters were interpreted as a body fat cluster
with positive loadings of VFA, BMI, WC, and
PBF and a nutritional parameters cluster with
positive loadings of PA50, hemoglobin, BCM,
and albumin.

Table 3 shows the univariate analysis of the
relationships between scores of body fat cluster
or nutritional parameters cluster and charac-
teristics of the T2DM. We found significant
correlation between body fat cluster and
hypertension in all participants with T2DM.
However, we found no significant correlation
between body fat cluster and gender, age,
smoking, duration of diabetes, glucose and lipid
levels, UACR or stages of DKD in participants
with DKD. In the meantime, nutritional
parameters cluster correlated with gender, age,
smoking, duration of diabetes, HDL, UACR and
stages of DKD in participants with DKD. Also,
there were no significant correlation between
nutritional parameters cluster and glucose level
in participants with DKD.

Participants were then divided into four
groups based on the sex-specific cutoff value
(median) of each cluster score. The median for
cluster 1 (body fat) score is 0.08 for female par-
ticipants and - 0.16 for male participants,
while median for cluster 2 (nutritional parame-
ters) the score is - 0.84 for female participants
and 0.64 for male participants. As shown in
Fig. 2, group A represents participants with low
body fat and good nutritional parameters,
group B represents participants with low body
fat and poor nutritional parameters, group C

represents participants with high body fat and
good nutritional parameters, and group D rep-
resents participants with high body fat and poor
nutritional parameters.

Table 4 shows the comparison of partici-
pants’ characteristics across different groups
according to the two clusters. Participants with
poor nutritional parameters (group B and D)
were more likely to have been older at recruit-
ment, to have decreased eGFR (\ 90 ml/min/
1.73 m2), and increased UACR ([ 30 mg/g).
Participants with high body fat and good
nutritional parameters (group C) were more
likely to have shorter history of diabetes, and
higher serum uric acid level. Notably, partici-
pants with low body fat and good nutritional
parameters (group A) were less commonly to
have hypertension and DKD. Characteristics of
male sex, heart rate, fast glucose level, HbA1c,
and TC were similar among the four groups.

The association of clusters with the presence
of DKD was assessed using binary logistic
regression analysis (Table 5). As compared with
participants with low body fat and good nutri-
tional parameters (group A), high body fat and
good nutritional parameters (group C) was not

Table 2 Cluster loading matrix from exploratory factor
analysis

Cluster 1:
Body fat

Cluster 2: Nutritional
parameters

VFA 0.98 - 0.13

BMI 0.88 0.30

WC 0.88 0.40

PBF 0.83 - 0.33

PA50 0.03 0.87

Hemoglobin 0.03 0.78

BCM 0.19 0.74

Albumin - 0.08 0.54

Numbers are factor loadings. Factor loading[ 0.5 are
clustered
BCM body cell mass, BMI body mass index, PA50 phase
angle at 50 kHz, PBF percentage of body fat mass, VFA
visceral fat area, WC waist circumference
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associated with having DKD. In contrast, both
low body fat and poor nutritional parameters
(group B, OR 2.90, 95% CI 1.17–7.13) and high
body fat and poor nutritional parameters
(group D, OR 4.09, 95% CI 1.59–10.53) were
associated with increased odds of having DKD
after adjustment for age and sex. After further
adjustment for smoking, diabetes duration,

systolic BP, diastolic BP, fast glucose, TC, and
TG, only high body fat and poor nutritional
parameters (group D, OR 3.43, 95% CI
1.25–9.42) were associated with increased odds
of having DKD.

Table 3 Univariate analysis of the relationships between scores of body fat cluster or nutritional parameters cluster and
characteristics of the T2DM

Characteristics T2DM without DKD (n = 98) DKD (n = 86)

Body fat cluster Nutritional parameters
cluster

Body fat cluster Nutritional parameters
cluster

r P r P r P r P

Male 0.08 0.425 - 0.72 \ 0.001 0.17 0.113 - 0.70 \ 0.001

Age - 0.09 0.384 - 0.50 \ 0.001 0.04 0.724 - 0.32 0.003

Smoking - 0.06 0.538 0.33 0.001 0.04 0.725 0.46 \ 0.001

Alcohol consumption - 0.07 0.501 0.44 \ 0.001 0.02 0.827 0.39 \ 0.001

Systolic BP 0.11 0.279 - 0.01 0.994 - 0.03 0.786 - 0.20 0.064

Diastolic BP 0.11 0.284 0.16 0.120 - 0.03 0.819 0.05 0.681

HR 0.24 0.018 0.28 0.005 - 0.08 0.462 0.08 0.440

Duration of diabetes - 0.18 0.085 - 0.33 0.001 0.04 0.722 - 0.33 0.002

Hypertension 0.31 0.002 - 0.06 0.534 0.28 0.010 - 0.17 0.127

FBG 0.10 0.348 - 0.04 0.687 - 0.05 0.682 0.03 0.781

HbA1c - 0.01 0.976 0.04 0.720 0.07 0.534 - 0.06 0.564

TC 0.08 0.435 0.05 0.618 0.01 0.938 - 0.10 0.366

TG 0.23 0.021 0.04 0.693 0.19 0.073 0.19 0.086

HDL - 0.22 0.027 - 0.25 0.014 - 0.11 0.324 - 0.36 0.001

LDL - 0.02 0.865 0.13 0.201 - 0.01 0.937 - 0.11 0.317

Creatinine - 0.11 0.267 0.41 \ 0.001 - 0.07 0.533 - 0.26 0.017

Uric acid 0.11 0.286 0.35 \ 0.001 0.22 0.042 0.19 0.084

eGFR 0.09 0.357 0.28 0.005 0.01 0.960 0.36 0.001

UACR 0.09 0.361 - 0.04 0.679 0.01 0.926 - 0.35 0.001

DKD stagesa – – – – - 0.01 0.977 - 0.31 0.004

BP blood pressure, DKD diabetic kidney disease, eGFR estimated glomerular filtration rate, FBG fast blood glucose, HbA1c
hemoglobin A1c, HDL high-density lipoprotein, HR heart rate, LDL low-density lipoprotein, TC total cholesterol, TG
triglyceride, T2DM type 2 diabetes mellitus, UACR urinary albumin-to-creatinine ratio
aDKD staging was performed according to eGFR

Diabetes Ther (2024) 15:201–214 207



DISCUSSION

In this study, we have identified two clusters by
factor analysis including body fat cluster con-
sisting of VFA, BMI, WC, PBF, and nutritional
parameters cluster consisting of PA50, hemo-
globin, BCM, and albumin. After dividing par-
ticipants into the four groups based on the
cluster scores, we have demonstrated that those
with poor nutritional parameters were more
likely to have decreased eGFR and increased
UACR, whereas participants with low body fat
and good nutritional parameters were less
commonly to have DKD. Our noteworthy
finding is that particular high body fat and poor
nutritional parameters were significantly asso-
ciated with increased odds of having DKD in
this study population. We therefore suggest that
body fat and nutritional parameters might be
promising markers representing metabolic state
and signify their importance in the pathogene-
sis of DKD. Clinical utility of BIA might provide
valuable recommendations to patients with
T2DM.

DKD risk factors are multifactorial and
complex, involving genetic and environmental
factors, which mainly derived from cohort
studies with different sample sizes [5, 6]. Results
of these studies were not completely consistent,
and the only proven primary prevention inter-
ventions for DKD are merely blood glucose and
blood pressure control [12]. For the first time to
our knowledge, this study has investigated the
relation of a composite indicator of body fat and
nutritional parameters to the presence of DKD
in patients with T2DM. Nutritional assessment
includes several categories: BMI, body compo-
sition (e.g., PBF, PA50), blood biomarkers (e.g.,
albumin, hemoglobin), nutritional screening
tool (Mini Nutritional Assessment-Short Form),
anthropometric measurements (e.g., weight,
WC), and dietary assessment (e.g., food and
energy intake) [17]. Optimal, universal, and
reliable nutritional status screening question-
naires and equations are still lacking. Body
composition measure and biochemical test are
precise and reliable as well as inexpensive and
simple [18]. Interestingly, dimensionality
reduction clustering by factor analysis distin-
guished two clusters, which are integrated as
cluster of body fat (VFA, BMI, WC, and PBF) and
cluster of nutritional parameters (PA50, hemo-
globin, BCM, and albumin). A previous cross-
sectional study performed in subjects with
T2DM and age- and BMI-matched control sub-
jects indicated that phase angle was a promising
measurement for assessing catabolic state in
people with diabetes [19]. Phase angle reflecting
the poor nutritional status was associated with
the lean tissue index, hemoglobin level, albu-
min level, and eGFR in patients with diabetic
CKD stage 5 [20]. The association between
scores of body fat cluster or nutritional param-
eters cluster and characteristics of the T2DM
suggested several confounding factors, such as
hypertension, gender, age, smoking, duration of
diabetes, and stages of DKD. However, the
association of body fat and nutrition with DKD
was still reliable after adjustment of several
possible confounding factors and coexisting
comorbidities.

Findings from this study demonstrating that
high body fat and poor nutritional parameters
are strongly associated with the presence of

Fig. 2 Four groups of participants divided on the basis of
sex-specific cutoff value (median) of each cluster score. A,
low body fat and good nutritional parameters; B, low body
fat and poor nutritional parameters; C, high body fat and
good nutritional parameters; D, high body fat and poor
nutritional parameters
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Table 4 Clinical characteristics of participants across the four groups divided according to low or high body fat and good or
poor nutritional parameters

Characteristics Group Aa

(n = 43)
Group Ba

(n = 49)
Group Cc

(n = 49)
Group Dd

(n = 43)
P value

Male, n (%) 26 (60.47%) 34 (69.39%) 34 (69.39%) 25 (58.14%) 0.554

Age, years 53.00 (46.00,

58.00)

59.00 (54.00,

64.50)

51.00 (42.50,

60.00)

60.00 (55.00,

64.00)

\ 0.001

Systolic BP, mmHg 127.00 (118.00,

140.00)

135.00 (122.00,

147.50)

129.00 (123.00,

140.50)

134.00 (120.00,

148.00)

0.157

Diastolic BP, mmHg 81.21 ± 10.79 84.12 ± 11.36 83.73 ± 11.40 83.02 ± 8.04 0.570

HR, bpm 74.00 (68.00,

83.00)

75.00 (70.00,

80.00)

80.00 (72.00,

82.00)

78.00 (70.00,

83.00)

0.265

Duration of diabetes,

months

71.00 (4.00,

111.00)

95.00 (17.00,

185.00)

28.00 (7.50, 59.00) 126.00 (53.00,

196.00)

\ 0.001

Hypertension, n (%) 11 (25.58%) 23 (46.94%) 29 (59.18%) 30 (69.77%) \ 0.001

FBG, mmol/L 9.15 (5.30, 11.13) 8.28 (6.85, 12.07) 8.50 (6.24, 11.36) 8.00 (6.42, 12.47) 0.968

HbA1c, % 8.50 (7.40, 10.50) 8.60 (7.35, 10.75) 8.40 (6.70, 10.60) 9.20 (7.20, 10.90) 0.831

TC, mmol/L 4.74 (4.05, 5.51) 4.39 (3.85, 4.96) 4.72 (4.20, 5.50) 4.39 (3.36, 5.15) 0.109

TG, mmol/L 1.51 (1.10, 2.26) 1.29 (0.91, 2.44) 1.92 (1.34, 3.25) 1.68 (1.18, 2.07) 0.047

HDL, mmol/L 1.09 (0.96, 1.34) 1.09 (0.92, 1.34) 0.98 (0.85, 1.19) 1.07 (0.85, 1.25) 0.099

LDL, mmol/L 3.21 (2.22, 3.90) 2.73 (2.04, 3.15) 2.97 (2.44, 3.42) 2.77 (1.66, 3.21) 0.094

Creatinine, lmol/L 61.60 (51.40,

67.90)

72.00 (60.65,

91.95)

65.60 (54.95,

75.15)

69.10 (54.00,

97.80)

0.023

Uric acid, lmol/l 295.00 (261.00,

345.00)

296.00 (239.00,

341.50)

335.00 (289.50,

370.50)

317.00 (263.00,

397.00)

0.024

eGFR, ml/min/1.73 m2 105.04 (98.93,

114.15)

92.90 (72.04,

103.54)

104.23 (91.38,

110.82)

94.14 (69.19,

107.28)

\ 0.001

UACR, mg/g 11.70 (6.00, 35.09) 33.04 (8.48,

491.41)

15.90 (8.30, 75.84) 55.60 (14.15,

332.96)

0.001

DKD, n (%) 12 (27.91%) 26 (53.06%) 22 (44.90%) 26 (60.47%) 0.017

BP blood pressure, eGFR estimated glomerular filtration rate, FBG fast blood glucose, HbA1c hemoglobin A1c, HDL high-
density lipoprotein, HR heart rate, LDL low-density lipoprotein, TC total cholesterol, TG triglyceride, UACR urinary
albumin-to-creatinine ratio
aLow body fat and good nutritional parameters
bLow body fat and poor nutritional parameters
cHigh body fat and good nutritional parameters
dHigh body fat and poor nutritional parameters
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DKD are pathophysiologically plausible. Diet
insecurity may increase the risk and progression
of diabetes complications through nutritional
pathways and promising food security inter-
ventions have demonstrated positive impacts
on diabetes outcomes [21]. The significance of
the relationship between adipose tissue and
T2DM has long been cemented. Distribution of
adipose tissue rather than the total amount is
more crucial in the development of vascular
complications in Asian patients with T2DM
[22]. Perirenal fat thickness significantly raised
the risk for CKD in patients with diabetes [10].
Visceral adiposity and abdominal obesity are
more closely associated with DKD [23, 24].
However, our knowledge of the multifaceted
role of fat in disease progression is evolving and
expanding [25, 26]. First, fat or adipose tissue
has been far beyond a simple depot for energy
storage. Reports have highlighted their endo-
crine signaling in insulin resistance [27]. A
multitude of bioactive compounds, including
adipokines, cytokines, and other lipid biomo-
lecules, are actively secreted by adipose tissue,
which have potential impacts on metabolism
[28]. Second, adipose tissue comprises a multi-
tude of different cell types besides adipocytes
and preadipocytes, such as fibroblasts,
endothelial cells, and immune cells, which have
distinct contributions [29]. Third, different
compartments of fat, including subcutaneous
adipose depot, visceral adipose depot, and
specifically adipose in and around metabolic

organs, such as pancreas, skeletal muscle, vas-
culature, and kidney, have received most
attention with regard to metabolic diseases [30].
Moreover, the significant distinctions between
brown, beige, white, and pink adipocytes and
the plasticity of adipose tissues impact the
pathogenesis of various diseases [31]. We still do
not have comprehensive understandings of the
connections between fat and T2DM. There are
even more large holes in our knowledge of fat
and DKD.

This study has important clinical implica-
tions. To date, several medications have been
applied to attenuate the progression of DKD
[32]. However, blockade of renin–angiotensin
system was not associated with attenuation of
long-term risk of GFR decline [33], especially
among patients with advanced CKD
(eGFR\30 ml/min/1.73 m2) [34]. Sodium–glu-
cose cotransporter 2 (SGLT2) inhibitors pre-
vented progression of CKD in patients with
diabetes [35, 36], and evidence suggested that
glucagon-like peptide 1 receptor agonists (GLP-
1RA) had benefits for the kidney [37]. Miner-
alocorticoid receptor antagonists (MRA) have
proven to be effective in reducing kidney dis-
ease progression in patients with diabetes [38].
However, the aforementioned actions of SGLT2
inhibitors, GLP-1RA, and MRA were largely
consistent with improved glucose and BP con-
trol, as well as significant weight loss and
improving inflammation and dysmetabolism.
Medications specifically to prevent and treat

Table 5 Logistic regression analysis of the odds ratio of low or high visceral fat and good or poor nutritional parameters for
diabetic kidney disease

Low body fat and
good nutritional
parameters

Low body fat and poor
nutritional parameters

High body fat and good
nutritional parameters

High body fat and poor
nutritional parameters

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

Model 1 Ref – 2.92 (1.22, 6.98) 0.016 2.11 (0.88, 5.04) 0.094 3.95 (1.60, 9.76) 0.003

Model 2 Ref – 2.90 (1.17, 7.13) 0.021 2.05 (0.85, 4.92) 0.110 4.09 (1.59, 10.53) 0.004

Model 3 Ref – 2.43 (0.94, 6.29) 0.068 2.36 (0.92, 6.03) 0.073 3.43 (1.25, 9.42) 0.017

OR odds ratio, Ref reference
Model 1: Unadjusted. Model 2: Adjusted for age and sex. Model 3: Adjusted for age, sex, smoking, diabetes duration, systolic
BP, diastolic BP, FBG, TC, and TG
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DKD are quite limited; management strategies
usually include lifestyle modifications, includ-
ing diet interventions, physical activities, and
weight control. Studies have evaluated the role
of nutrition interventions in the management
of T2DM and the positive results are pre-
dictable. A clinically recommended low-protein
diet is expected to retard renal function decline
in DKD [39]. The diet prescription may include
nutrient types (e.g., carbohydrate, fat,
micronutrients, vitamins), energy, and gly-
cemic index, which should be tailored to meet
the needs and characteristics of each patient
[40].

We acknowledge several limitations in this
study. First, the cross-sectional design used here
limited the time inference of the predictor and
outcomes. Prospective studies are needed to
evaluate the sequence of these associations.

Second, the diagnosis of DKD was based on
UACR and eGFR, which is less accurate than
kidney pathology. However, renal biopsy is still
at risk of missing atypical DKD, and its indica-
tion in patients with diabetes is controversial
[41, 42]. The typical presentation of DKD is
considered to include a long-standing duration
of diabetes, retinopathy, albuminuria without
gross hematuria, and gradually progressive loss
of eGFR. However, signs of DKD may be present
at diagnosis [2, 43, 44] or without retinopathy
in T2DM [45]. Reduced eGFR without albu-
minuria has been frequently reported in T2DM
and is becoming more common [46]. We could
have difficulties in differentiating patients with
DKD and without albuminuria or reduced eGFR
from patients with NDKD. The associations
might have been stronger if more rigorous
diagnostic methods were adopted.

Third, we applied BIA instead of standard
methods such as computed tomography (CT) or
dual-energy X-ray absorptiometry (DXA) [47] to
measure body composition in our study. CT has
limitations such as radiation risk, high cost, and
not being suitable for ubiquitous and frequent
use. DXA is expensive and requires specialized
radiology equipment and thus is hardly feasible
in routine clinical practice. However, BIA is
commonly available and used in clinical prac-
tice and research studies to evaluate body
composition including VFA. This method

measures electrical data including resistance,
reactance, and impedance of the body that are
less affected by factors such as daily diet or
exercise [48]. Moreover, BIA has good reliability,
accuracy, and clinical feasibility when com-
pared with standard methods in healthy and
obesity people, as well as subjects with T2DM
[7, 49–52]. In addition, the correlation of daily
dietary intake of nutrients and exercise with the
nutrition parameters estimated by BIA might be
interesting, and more rigorous research is nee-
ded to understand how to design and imple-
ment these programs for populations with
diabetes.

CONCLUSION

We identified two clusters by factor analysis,
namely a body fat cluster consisting of VFA,
BMI, WC, and PBF and a nutritional parameters
cluster consisting of PA50, hemoglobin, BCM,
and albumin, in patients with T2DM and report
novel associations of poor nutritional parame-
ters with decreased eGFR and increased UACR.
Concurrently, we demonstrated that combina-
tion of high body fat with poor nutritional
parameters was significantly associated with
increased odds of having DKD in our cohort of
participants with T2DM. Although the BIA
method and consequent findings need further
studies for confirmation, our results suggest that
body fat and nutritional parameters could be a
strong risk marker of DKD and have promise for
clinical diagnosis and interventions.
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