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Abstract

Background: To investigate the arterial stiffness (AS) risk within urinary

albumin-to-creatinine ratio (UACR) and estimated glomerular filtration rate

(eGFR) categories and the joint effect between kidney disease parameters and

metabolic goal achievement on AS risk in adult people with type 2 diabetes (T2D).

Methods: A total of 27 439 Chinese participants with T2D from 10 National

Metabolic Management Centers (MMC) were categorized into four albumin-

uria/decreased eGFR groups. The criteria for decreased eGFR and AS were

eGFR <90 ml/min/1.73 m2 and brachial-ankle pulse wave velocity value >the

75th percentile (1770.0 cm/s). Three metabolic goals were defined as glycated

hemoglobin <7%, BP <130/80 mmHg, andlow-density lipoprotein cholesterol

<2.6 mmol/L.
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Results: After full adjustment, odds ratios (ORs) for AS were highest for albu-

minuria and decreased eGFR (2.23 [1.98–2.52]) and were higher for albumin-

uria and normal eGFR (1.52 [1.39–1.67]) than for those with nonalbuminuria

and decreased eGFR (1.17 [1.04–1.32]). Both UACR and eGFR in the subgroup

or overall population independently correlated with AS risk. The achievement

of ≥2 metabolic goals counteracted the association between albuminuria and

AS risk (OR: 0.93; 95% CI: 0.80–1.07; p = .311). When the metabolic goals

added up to ≥2 for patients with decreased eGFR, they showed significantly

lower AS risk (OR: 0.65; 95% CI: 0.56–0.74; p < .001).

Conclusions: Both higher UACR and lower eGFR are determinants of AS

risk, with UACR more strongly related to AS than eGFR in adults with T2D.

The correlation between albuminuria/decreased eGFR and AS was modified

by the achievement of multiple metabolic elements.
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creatinine ratio (UACR)

Highlights

• Provide key information on the correlation between kidney disease mea-

sures and arterial stiffness by evaluating urine albumin-creatinine ratio and

estimated glomerular filtration rate simultaneously in a large sample with

type 2 diabetes.

• Improving management of arterial stiffness, before reaching the chronic

kidney disease stage, should also be emphasized in clinical practice.

• The correlation between albuminuria/decreased estimated glomerular filtra-

tion rate and arterial stiffness was modified by the achievement of multiple

metabolic elements, underlining the importance of targeting multiple

metabolic risk factors in the management of arterial health.

1 | INTRODUCTION

Cardiovascular disease (CVD) accounts for the main cause
of death in people with diabetes.1 This fact underscores the
importance of detecting early changes in atherosclerosis.
Higher pulse wave velocity (PWV) signifies earlier returning
of reflected pressure waves and an increase in left ventricu-
lar load as a result.2,3 Thereby, this measure could reflect
atherosclerotic damage to blood vessels4 and strongly
associate with increased cardiovascular risk.5

To assess CVD risk, two nontraditional risk factors, the
urinary albumin-to-creatinine ratio (UACR) and estimated
glomerular filtration rate (eGFR) have also been employed.
Chronic kidney disease (CKD), defined by abnormal renal
function (eGFR <60 ml/min/1.73 m2) and/or albuminuria
(UACR ≥30 mg/g), has been reported to predict higher risk
of CVD.6 Albuminuria has also been demonstrated to

strongly associate with measures of arterial stiffness (AS)
at different arterial segments in population-based or
community-based cohorts7-9 or small study population with
type 2 diabetes (T2D).10,11 By comparison with albumin-
uria, the contribution of eGFR to CV risk remains unclear.
Some early studies in small samples found that CVD was
related to the degree of renal impairment12 or extremely
low levels of eGFR.13 Another study found that AS did not
correlate with mild-to-moderate CKD.8 More large studies
are warranted to explore the role of UACR and eGFR in
AS among patients with diabetes.

Additionally, traditional risk factors, such as diabetes,14

hypertension,15 and dyslipidemia,16 have been well demon-
strated to be associated with higher AS. Therefore, effective
interventions to manage glucose, blood pressure (BP), lipid
levels have been approved to positively affect arterial health.
In the 2011 American Diabetes Association guideline for
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medical care in diabetes,17 it has been recommended that
most adults with diabetes achieve glycated hemoglobin
(HbA1c) <7.0% (A), BP <130/80 mm Hg (B), and low-den-
sity lipoprotein cholesterol (LDL-C) <2.6 mmol/L (C) to
represent well-controlled metabolic management. It is
important to simultaneously evaluate the aforementioned
traditional and nontraditional determinants of AS to pre-
vent CVD. However, studies examining the joint effect of
ABCs and kidney disease parameters on AS risk are
lacking.

Varying criteria with respect to eGFR and albumin-
uria levels could influence the findings of analyzing
AS. Besides, the two risk factors might confound each
other. Diabetic patients may present albuminuria without
abnormal eGFR, abnormal eGFR without albuminuria, or
both albuminuria and abnormal eGFR. Therefore, it is
necessary to take eGFR and albuminuria levels into con-
sideration simultaneously. In addition, we defined eGFR
<90 ml/min/1.73 m2 in the current analysis, which
included participants with modestly decreased renal func-
tion and those with eGFR <60 ml/min/1.73 m2. The
objectives of this study are to explore the AS risk within
UACR and eGFR categories and to examine the joint
effect between kidney disease parameters and individual
metabolic goal achievement, as well as ABCs, on AS risk,
in adult people with T2D from 10 National Metabolic
Management Centers (MMCs).

2 | METHODS

2.1 | Study population and design

We enrolled participants from 10 MMCs, which are in
Shanghai (two sites), Beijing (one site), Zhejiang (two
sites), Henan (two sites), Guizhou (one stie), Yunnan (one
site), and Jiangsu (one site) province. The details of this
MMC project have been presented previously.18 From June
2017 to April 2021, 37 486 adult people with T2D from the
10 sites took part in a detailed investigation at the first visit,
which consisted of a standardized questionnaire, anthropo-
metric examination, laboratory tests, and evaluation of
diabetes-related complications. After excluding participants
with missing values for eGFR or albumin-to-creatinine
ratio (n = 2482), or with missing brachial-ankle pulse wave
velocity (baPWV) data (n = 1755), a history of major CVD
(n = 4426, including coronary heart disease, stroke, or
heart failure), incomplete data on related medical record
(n = 199), or ankle-brachial index (ABI) <0.9 (n = 1185),
27 439 eligible participants were finally available for this
analysis.

The Ethical Review Committees of Ruijin Hospital
and other centers (if essential) have approved the study

protocol. The study was conducted following the Declara-
tion of Helsinki and each patient signed an informed
consent form.

2.2 | Data collection

Trained interviewers collected all the data in local MMCs
complying with a standard protocol.18 Detailed informa-
tion on social demography, medical record (including
medication usage), and lifestyle was obtained. Medication
usage comprised hypoglycemic, antihypertensive, lipid-
lowering agents, and all other medications used regularly.
Therefore, the usage of angiotensin-converting enzyme
inhibitors (ACEIs) and angiotensin receptor blockers
(ARBs) was also recorded. If the frequency of smoking
was daily or almost daily, the smoking status was “yes.” If
the frequency of drinking was weekly or almost weekly,
the drinking status was “yes.” Anthropometric measure-
ments and blood specimen collection were performed by
the same method as published in our previous study.19

BaPWV and ABI were measured noninvasively by an
automated recording apparatus (BP-203RPE III, form
PWV/ABI, Omron Healthcare Co.). Detailed procedures
were described in our previous study.20 The mean value
of baPWV on both sides was used for analysis.

Blood glucose, serum C peptide, HbA1c, biochemical
test items, and the UACR were examined in local MMCs.
Homeostasis model assessment of insulin resistance
(HOMA2-IR) are calculated on the basis of fasting blood
glucose (FBG) and fasting C peptide concentrations by
the HOMA calculator v2.2.3.21

2.3 | Definition of variables

Diabetes was diagnosed according to the 1999 World
Health Organization criteria.22 T2D was confirmed by a
qualified physician on each site. The Chronic Kidney Dis-
ease Epidemiology Collaboration equation was adopted
to calculate eGFR.23 In addition, the Cockcroft-Gault for-
mula was also used for GFR approximation (estimated
creatinine clearance rate).24 We classified all eligible par-
ticipants into four groups by defining the levels of eGFR
and UACR: nonalbuminuria and normal eGFR, albumin-
uria and normal eGFR, nonalbuminuria and decreased
eGFR, or albuminuria and decreased eGFR. If the UACR
level is less than 3.39 mg/mmol, nonalbuminuria is diag-
nosed; otherwise, albuminuria is present. If eGFR is less
than 90 mL/min/1.73 m2, decreased eGFR is established;
otherwise, normal eGFR is present. For those with albu-
minuria, UACR >33.9 mg/mmol was used to define
macroalbuminuria.25 AS was established if baPWV was
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larger than its fourth quartile (>1770.0 cm/s) in the cur-
rent study. The metabolic goal for glucose, BP, and
LDL-C was defined as HbA1c <7%, BP <130/80 mm Hg,
and LDL-C <2.6 mmol/L, respectively.17

2.4 | Statistical analysis

The SPSS software (Version 22.0) was employed for the
current analysis. The characteristics of the participants
were described according to eGFR and albuminuria status.
Continuous variables were presented as means ± SD, or
median (interquartile range). Categorical variables were
expressed as the count (percentage). Skewered data was
converted logarithmically before statistical analysis. One-
way analysis of variance (ANOVA) and the chi-square test
were used to compare differences among groups for contin-
uous and categorical variables, respectively.

eGFR was analyzed as a continuous measure (per
15 ml/min/1.73 m2 decrease in eGFR) and as a categorical
variable: <60, 60–74, 75–89 (reference category in the sub-
group of patients with decreased eGFR). UACR was exam-
ined continuously after logarithmic transformation and
also classified as microalbuminuria and macroalbuminuria.
The independent association of eGFR, UACR, or eGFR and
UACR categories with AS was explored by multivariable
logistic regression. Three models were used to adjusting for
potential confounding factors. Model 1 included age, sex,
body mass index (BMI), diabetes duration, systolic blood
pressure (SBP), triglycerides (TG), high-density lipoprotein
cholesterol (HDL-C), FBG, HbA1c, and HOMA2-IR were
added to Model 2. Medication usage (ACEIs/ARBs, lipid-
lowering and hypoglycemic agents), lifestyle factors (both
smoking and drinking status), education level, and family
history of diabetes were further added to Model 3. UACR
and eGFR were mutually adjusted.

In addition, the combined association of albumin-
uria/decreased eGFR status and the achievement of
HbA1c, BP, and LDL-C goals with AS was also investi-
gated by multivariable logistic regression, in which all
participants were classified into four categories for indi-
vidual metabolic goal achievement (yes or no) and the
presence of albuminuria/decreased eGFR (no or yes),
with adjustments for age, sex, BMI, diabetes duration,
TG, HOMA2-IR, medication usage, lifestyle factors,
education level, family history of diabetes, and other
metabolic goal achievement (yes or no). We also con-
ducted interaction analysis between individual metabolic
goal achievement and albuminuria/decreased eGFR.
Combined effect of the overall achievement of ABCs
(by summing each metabolic goal achievement) and
albuminuria/decreased eGFR on AS risk, as compared
with participants without albuminuria/decreased eGFR,

was also analyzed. A p value <.05 is regarded as with
statistical significance.

3 | RESULTS

3.1 | Baseline characteristics according
to UACR and eGFR categories

The mean age of 27 439 participants aged ≥18 years was
53.3 ± 11.2 years and 57.9% were men. The mean diabetes
duration at baseline was 6.5 years. The number of parti-
cipants by UACR and eGFR categories are shown in
Table 1. Overall, 15 095 (55.0%) participants had nonal-
buminuria and normal eGFR, 6720 (24.5%) had albuminuria
and normal eGFR, 3020 (11.0%) had nonalbuminuria and
decreased eGFR, and 2604 (9.5%) had albuminuria and
decreased eGFR. People with nonalbuminuria and
decreased eGFR were more likely to be older, with history
of hypertension and dyslipidemia, nonsmokers, and non-
drinkers and had longer diabetes duration, worse kidney
function, higher fasting C peptide, and baPWV compared
with those with nonalbuminuria and normal eGFR and
those with albuminuria and normal eGFR (all p < .05,
Table 1). Participants with albuminuria and normal eGFR
were less educated and had higher BP, BMI, glucose, lipid,
and UACR levels compared with those with non-
albuminuria and normal eGFR and those with non-
albuminuria and decreased eGFR (all p < .05). In addition,
participants with albuminuria and decreased eGFR had lon-
ger diabetes duration, lower eGFR, and higher SBP, fasting
serum C peptide, HOMA2-IR, UACR, and baPWV levels in
comparison with all other groups (all p < .001, Table 1).

3.2 | Association of eGFR and UACR
categories with AS risk

The prevalence of AS was 16.5%, 29.1%, 34.2%, and 52.9%
among the four categories (nonalbuminuria and normal
eGFR, albuminuria and normal eGFR, nonalbuminuria
and decreased eGFR, and albuminuria and decreased
eGFR, respectively). After full adjustment, the albumin-
uria only and decreased eGFR only groups were associ-
ated with 52% (OR: 1.52; 95% CI: 1.39–1.67; p < 0.001)
and 17% (OR: 1.17; 95% CI: 1.04–1.32; p = .009) higher
AS risk compared with the nonalbuminuria and normal
eGFR group, as shown in Table 2. The albuminuria and
decreased eGFR group demonstrated the highest AS risk
in all three models adjusted for multiple confounders
(OR: 2.23; 95% CI: 1.98–2.52; p < .001; Model 3). Similar
findings were obtained when Cockcroft-Gault formula
was used for eGFR estimation (Table S1).
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3.3 | Association of continuous or
categorized UACR and eGFR with AS risk
in the subgroup and overall population

When continuous UACR was logarithmically converted in
the subgroup of patients with albuminuria, it was signifi-
cantly correlated with higher AS risk after full adjustment
(OR: 1.53; 95% CI: 1.34–1.74; p < .001; Table S2). For
UACR analysis as categories, the AS risk was pronouncedly
higher in participants with macroalbuminuria than that of
those with microalbuminuria (p < .001). The significant
association of eGFR (per 15 ml/min/1.73 m2 decrease in
eGFR) with AS risk was also detected in the decreased
eGFR subgroup (OR: 1.16; 95% CI: 1.08–1.25; p < .001;
Table S2). The pattern was similar when eGFR was exam-
ined as a categorical variable: <60, 60 to <75, 75 to <90
(Table S2). When analyzing the AS risk in the overall popu-
lation not in the self-defined four categories after multiple
adjustment, both per 10-fold greater UACR (OR: 1.65; 95%
CI: 1.54–1.76; p < .001) and per 15 ml/min/1.73 m2

decrease in eGFR (OR: 1.12; 95% CI: 1.08–1.16; p < .001)
correlated significantly with AS risk.

3.4 | Combination of albuminuria/
decreased eGFR and metabolic goal
achievement with AS risk

We analyzed the joint effect of the presence of albumin-
uria and individual metabolic goal achievement on AS
risk based on classification of participants into four sub-
groups. The same categorization was also performed for
patients with decreased eGFR. Compared with the non-
albuminuria participants with HbA1c <7.0%, other sub-
groups had significantly higher AS risk after adjusting for
multiple confounders. The risks for AS increased by 70%
(OR: 1.70; 95% CI: 1.46–1.99), 37% (OR: 1.37; 95% CI:
1.23–1.53), and 164% (OR: 2.64; 95% CI: 2.36–2.96) in par-
ticipants with albuminuria (+) & HbA1c <7%, albumin-
uria (�) & HbA1c ≥7%, and albuminuria (+) & HbA1c
≥7% (Figure 1). In comparison with the participants with
nonalbuminuria and ideal BP level, the patients with
both albuminuria and BP ≥130/80 mm Hg exhibited the
highest risk for AS (OR: 6.67; 95% CI: 5.96–7.47). Com-
pared to the nonalbuminuria participants with LDL
<2.6 mmol/L, those exposed to both albuminuria and
LDL ≥2.6 mmol/L represented higher risk for AS (OR:
1.93; 95% CI: 1.73–2.14). Participants with decreased
eGFR (+) and HbA1c ≥7% (OR: 1.84; 95% CI: 1.62–2.10),
decreased eGFR (+) and BP ≥130/80 mm Hg (OR: 4.59;
95% CI: 4.06–5.18), and decreased eGFR (+) and LDL-C
≥2.6 mmol/L (OR: 1.29; 95% CI: 1.15–1.45) also showed
significantly higher risks for AS, compared with theirT
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TABLE 2 Association of eGFR and UACR categories with arterial stiffness risk in patients with T2D

Arterial stiffness

Model 1 Model 2 Model 3

OR (95% CI) p OR (95% CI) p OR (95% CI) p

UACR and eGFR categories

Nonalbuminuria and normal eGFR Reference Reference Reference

Albuminuria and normal eGFR 2.16 (2.00–2.32) <.001 1.54 (1.41–1.67) <.001 1.52 (1.39–1.67) <.001

Nonalbuminuria and decreased eGFR 1.16 (1.05–1.27) .003 1.21 (1.08–1.35) .001 1.17 (1.04–1.32) .009

Albuminuria and decreased eGFR 3.03 (2.75–3.33) <.001 2.18 (1.95–2.44) <.001 2.23 (1.98–2.52) <.001

Note: Normal eGFR: ≥90 ml/min/1.73 m2; decreased eGFR: <90 ml/min/1.73 m2; Model 1 included age, sex. BMI, diabetes duration, SBP, TG, HDL
cholesterol, FBG, HbA1c, and HOMA2-IR were added to Model 2. Medication usage (ACEIs/ARBs, lipid-lowering and hypoglycemic agents), lifestyle factors

(both smoking and drinking status), education level, and family history of diabetes were further added to Model 3.
Abbreviations: ACEIs, angiotensin-converting enzyme inhibitors; ARBs, angiotensin-receptor blockers; BMI, body mass index; CI, confidence interval; eGFR,
estimated glomerular filtration rate; FBG, fasting blood glucose; HbA1C, glycated hemoglobin; HDL, high-density lipoprotein; HOMA2-IR, homeostasis model
assessment of insulin resistance; LDL, low-density lipoprotein; OR, odds ratio; SBP, systolic blood pressure; TG, triglycerides; UACR, urine albumin-creatinine

ratio.

FIGURE 1 The odds ratios (95%

confidence intervals [CIs]) of arterial

stiffness for combination of

albuminuria/decreased eGFR and

individual metabolic goal

achievement. Adjusted for age, sex,

BMI, diabetes duration, TG,

HOMA2-IR, eGFR (analyzing

albuminuria)/UACR (analyzing

decreased eGFR), medication usage

(ACEIs/ARBs, lipid-lowering and

hypoglycemic agents), lifestyle

factors (both smoking and drinking

status), education level, and family

history of diabetes. Additionally,

individual metabolic goal

achievement was mutually adjusted.

Abbreviations: ACEI, angiotensin-

converting enzyme inhibitor; ARB,

angiotensin receptor blocker; BMI,

body mass index; BP, blood pressure;

eGFR, estimated glomerular

filtration rate; HbA1C, glycated

hemoglobin; HOMA2-IR,

homeostasis model assessment of

insulin resistance; TG, triglycerides;

UACR, urine albumin-creatinine

ratios
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respective reference group. Interaction effect was not
detected between albuminuria/decreased eGFR and each
metabolic goal achievement, except for the potential
interaction effect between albuminuria and LDL-C goal
achievement on AS risk (p for interaction: .026).

We further analyzed the target goals for HbA1c, BP,
and LDL-C jointly, the achievement of at least two meta-
bolic goals demonstrated to counteract the association
between albuminuria and AS risk in the multivariable
adjusted regression model (OR: 0.93; 95% CI: 0.80–1.07;
p = .311, Table 3). When the total achievement of meta-
bolic goals was <2, the patients with albuminuria still
showed higher AS risk in comparison with participants
with no albuminuria (p < .001). The risks of AS and
decreased eGFR were also further evaluated in partici-
pants with 0, 1, or≥2 achieved metabolic goals. Com-
pared with participants with normal eGFR, those with
<2 achieved metabolic goals exhibited higher AS risk
(p < .05). When the target metabolic goals added up to
≥2 for patients with decreased eGFR, they showed signif-
icantly lower risk for AS compared with the reference
group (OR: 0.65; 95% CI: 0.56–0.74; p < .001, Table 3).

4 | DISCUSSION

Using data from a large, multicenter study population
with T2D aged ≥18 years, we found that the AS risk was

highest in individuals with albuminuria and decreased
eGFR and was higher for those with albuminuria and
normal eGFR than for those with nonalbuminuria and
decreased eGFR. The combined presence of albuminuria/
decreased eGFR and each poorly controlled metabolic ele-
ment conferred significantly higher AS risk compared
with their respective reference group. The achievement of
≥2 metabolic goals was demonstrated to counteract the
association between albuminuria and AS risk. Patients
with decreased eGFR and ≥2 metabolic goal achievement
showed lower risk for AS than participants with normal
eGFR. These findings highlighted the stronger association
with AS risk for UACR than eGFR in T2D and further
emphasize the importance of comprehensive manage-
ment of metabolic elements for arterial health, especially
in participants with albuminuria or decreased eGFR.

The crude prevalence of AS was higher in individuals
with nonalbuminuria and decreased eGFR compared with
those with albuminuria and normal eGFR. It is possible
that the nonalbuminuria and decreased eGFR group was
older, which reflects an age-related decreased vascular elas-
ticity, despite relatively healthier lifestyle and better-
controlled metabolic situation. After full adjustment, we
observed AS risk was lower in the nonalbuminuria and
decreased eGFR group. One putative explanation for this
observation is the stronger association with AS for UACR
over eGFR. In this respect, our findings concur with a prior
report involving individuals in the Atherosclerosis Risk in

TABLE 3 Combination of albuminuria/decreased eGFR and the achievement of ABC goals in relation to arterial stiffness risk in

patients with T2D

Arterial stiffness

Model 1 Model 2 Model 3

OR (95% CI) p OR (95% CI) p OR (95% CI) p

Combination of the presence of albuminuria and “ABCs” metabolic goal achievement

No albuminuria 1.00 (reference) 1.00 (reference) 1.00 (reference)

Albuminuria with 0 achieved metabolic goal 3.47 (3.20–3.78) <.001 3.18 (2.91–3.48) <.001 3.18 (2.90–3.50) <.001

with 1 achieved metabolic goal 2.15 (1.97–2.34) <.001 1.92 (1.75–2.11) <.001 1.94 (1.76–2.14) <.001

with ≥2 achieved metabolic goal 1.09 (0.96–1.23) .203 0.95 (0.83–1.09) .458 0.93 (0.80–1.07) .311

Combination of the presence of decreased eGFR and “ABCs” metabolic goal achievement

Normal eGFR (≥90 ml/min/1.73 m2) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Decreased eGFR with 0 achieved metabolic goal 2.41 (2.16–2.69) <.001 1.98 (1.76–2.22) <.001 1.97 (1.74–2.24) <.001

with 1 achieved metabolic goal 1.37 (1.25–1.52) <.001 1.16 (1.05–1.29) .005 1.16 (1.04–1.30) .011

with ≥2 achieved metabolic goals 0.75 (0.67–0.85) <.001 0.67 (0.58–0.76) <.001 0.65 (0.56–0.74) <.001

Note: The analysis was performed using multivariable logistic regression. Model 1 included age, sex. BMI, diabetes duration, TG, HOMA2-IR, and eGFR
(analyzing albuminuria)/UACR (analyzing decreased eGFR) were added to Model 2. Medication usage (ACEIs/ARBs, lipid-lowering and hypoglycemic agents),
lifestyle factors (both smoking and drinking status), education level, and family history of diabetes were further added to Model 3.
Abbreviations: ABCs, HbA1c < 6.5% (A), BP < 130/80 mmHg (B), and LDL-C < 2.6 mmol/L (C); ACEIs, angiotensin-converting enzyme inhibitors; ARBs,

angiotensin-receptor blockers; BMI, body mass index; CI, confidence interval; eGFR, estimated glomerular filtration rate; HOMA2-IR, homeostasis model
assessment of insulin resistance; OR,odds ratio; TG, triglycerides; UACR, urinary albumin-to-creatinine ratio.
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Communities (ARIC) study.9 Despite a similar report, the
ARIC study was influenced by baseline history of established
CVD, which is an important confounding factor for analyz-
ing AS. Our current study was conducted in participants
without confirmed atherosclerotic vascular disease. Besides,
another recent study found hazard ratios for major cardio-
vascular events were higher for people with albuminuric
non-CKD than those with nonalbuminuric CKD, thereby
providing further evidence for our observation.26

Our research extends previous knowledge by
reporting the strong association between UACR (both
albuminuria severity and per 10-fold greater UACR) and
AS risk in a large sample of adult patients with T2D.
Either albuminuria8,9 or AS7,27 has ever been treated as
the risk factor in the analysis of the relationship between
the two. Whichever is the contributing factor, there are
some reasonable mechanisms linking albuminuria to
AS. To be exact, UACR mainly reflects damage to the glo-
merular basal membrane and has been suggested as a
marker of generalized vascular injury.28,29 Endothelial
disorder or low-grade inflammation might elucidate the
relationship between albuminuria and cardiovascular
risk to a certain degree.30 On the other hand, AS might
raise flow and pressure pulsatility, which makes renal
microvessels with low impedance and low resistance
more vulnerable to structural damage.31

The association of nonalbuminuria and decreased
eGFR (eGFR <90 ml/min/1.73 m2) with AS risk suggests
that even if kidney function decreased slightly, it may
also affect subclinical atherosclerosis. This observation
suggests that future endeavors toward vascular des-
tiffening should also pay attention to individuals with
modestly decreased renal function. Adjusting for poten-
tial confounders, the association between eGFR (either
per 15 ml/min/1.73 m2 decrease in eGFR or categorical
eGFR) and AS risk persisted in the overall population or
subgroups with decreased eGFR. Our results are in line
with the prior findings involving elderly community/pop-
ulation-based cohort9,32 that lower eGFR was indepen-
dently associated with greater AS. Notably, in the ARIC
study,9 lower eGFR was correlated with higher central
AS risk, but it is a protective factor for elevated baPWV.
BaPWV represents both central and peripheral AS, which
show opposing directions in diabetic patients.33 Another
early observation in the Framingham Heart Study Cohorts
found that AS measures did not show significant difference
between individuals with eGFR <60 ml/min/1.73 m2 and
those with higher eGFR.8 Different population characteris-
tics and definitions of the eGFR measure may partially
account for the contrasting results. More studies are
needed to explore the role of eGFR in AS, especially in
diabetic patients with modestly or mildly decreased
kidney function.

Furthermore, we reported a combined effect between
albuminuria/decreased eGFR and metabolic goal achieve-
ment on AS risk. For each metabolic element, participants
with albuminuria/decreased eGFR and poorly controlled
metabolic elements had significantly higher AS risk than
having neither. However, there was no statistically signifi-
cant difference between participants with and without
well-controlled LDL-C level in those having albuminuria
(p = .079) or decreased eGFR (p = .733), which may sug-
gest that albuminuria or decreased eGFR outweighed the
effect of LDL-C level on AS risk in these patients. It is
noteworthy that the AS risk increased by more than
5 times in the patients with poorly controlled BP and
albuminuria in comparison with the reference group,
which supports improved BP control as an important
intervention to prevent arterial disease. Consistent with
our finding, a follow-up study in an early CKD population
identified BP as the most important determinant of PWV
change.34

Our results demonstrated that the positive association
between albuminuria and AS risk could be counteracted
by ≥2 achievement of metabolic goals, not single-goal
achievement, suggesting the importance of comprehensive
metabolic management in compromising the deterioration
effect of albuminuria on AS. Additionally, we identified
that participants with decreased eGFR and ≥2 achievement
of metabolic goals showed lower AS risk than those with
normal eGFR, which supports eGFR as a relatively weaker
determinant of AS risk than a combination of multiple
metabolic risk factors. Single-goal achievement insuffi-
ciently reversed the correlation between decreased eGFR
and AS risk. Our findings are in accordance with previous
observation that treatment of BP (single metabolic ele-
ment), albeit as the most important modifiable determinant
of AS, does not always witness improvement in AS.35 Our
study further complements the existing evidence that atten-
tion to multiple metabolic elements can bring substantive
improvement in the prognosis of CV events to adults with
diabetes.36

The advantages of this study included a large sample
size from 10 centers, exclusion of baseline major CVD,
the standardized questionnaire to collect baseline data,
evaluation of eGFR and UACR levels simultaneously, the
wide coverage of eGFR and UACR levels, the definition
of a slight reduction in eGFR, and analysis for the com-
bined effect of kidney disease measures and metabolic
goal achievement. There are also some limitations. The
UACR levels were examined once at the first visit, which
may lead to bias to a certain degree. However, the bias
could be kept minimal by means of a large sample. In
addition, in the decreased eGFR group, there was a lim-
ited number of patients with eGFR <60 ml/min/1.73 m2.
Therefore, our findings cannot be directly extrapolated to
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other population with higher percentage of renal insuffi-
ciency. Finally, the cross-sectional nature of the current
study could not establish the causal association of
decreased eGFR or albuminuria with AS.

In conclusion, patients with albuminuria and normal
eGFR or nonalbuminuria and decreased eGFR were at
higher AS risk independent of potential confounders, with
the former higher than the latter. Even a modest reduction
in eGFR (eGFR <90 ml/min/1.73 m2) without the occur-
rence of CKD can herald patients0 higher risk for AS. Both
continuous or categorized UACR and eGFR in the sub-
group or overall population independently and positively
correlated with the AS risk after multiple adjustment. More
important, the significant and positive association between
albuminuria or decreased eGFR and AS was counteracted
or reversed by ≥2 metabolic goal achievement. Our find-
ings put an emphasis on the importance of stringent meta-
bolic management for the improvement of CVD.
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