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Positive association between urinary albumin-creatinine ratio and
lower extremity peripheral arterial disease in Chinese diabetes
patients: A cross-section study with propensity score matching
analysis
Running title: ACR is associated with PAD
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Abstract
Background and Aims: Elevated urinary albumin-creatinine ratio (ACR) is an established risk
factor for lower extremity peripheral arterial disease (PAD) in non-diabetes individual. This
study aimed to determine the relationship between urinary ACR level and PAD in diabetes
population.
Methods and Results: A cross-section study with 1396 hospitalized diabetes participants from
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department of endocrinology and neurology were performed and the propensity score
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matching method was applied to reduce the effects of confounding factors between the
matched PAD and Non-PAD groups. The relationship between urinary ACR and
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ankle–brachial index (ABI) was analyzed by linear curve fitting analyses and multiple logistic
regression models. Our study showed that the prevalence of PAD (low ABI, ABI<0.9) was
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7.09% in our diabetes patients. The ABI level was significantly lower in high ACR group
compared with those in normal urinary ACR group (1.11±0.17 vs 1.13±0.15, p=0.010). The
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prevalence of PAD was increased with the increased tertile’s of log2-transformed ACR in
total patients before and after propensity score matching (p<0.001 and p=0.007, respectively).
The OR (95% CI) between log2-transformed ACR and PAD was 1.0 and 1.70 (1.08-2.69,
p=0.022) respectively in normal and high ACR levels in diabetes patients after adjusting for
potential confounders. After propensity score matching, the OR (95% CI) between
log2-transformed ACR and PAD was 1.0 and 1.85 (1.05-3.23, p= 0.031) respectively in normal
and high ACR levels in diabetes patients after adjusting for potential confounders.
Conclusion: The elevated urinary ACR level was associated with PAD in Chinese diabetes
patients.
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1. Introduction
Lower extremity peripheral artery disease (PAD) is a clinical atherosclerotic arterial
occlusive disease that affects the lower extremities, which is commonly presents in patients
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with diabetes mellitus (DM). According to the hospital-based studies, the prevalence of PAD

re
-p
r

ranges from 9% to 55% in diabetes patients, with two- to seven- fold higher than that in
general population[1-4]. Various risk factors contribute to the increased predisposition to the
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development of PAD in DM, including age, smoking, arterial hypertension, obesity, insulin
resistance and dyslipidemia[5, 6]. Patients with PAD tend to develop ulceration, pain,

ur
na

claudication, necrosis and amputation of the lower extremities[7, 8]. Therefore, it is of great
importance to control the risk factors of PAD.
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The ankle–brachial index (ABI) is the ratio of systolic blood pressure at the ankle to that in
the arm. Given the ease of measurement using inexpensive equipment, the ABI is first-line
noninvasive screening test to define both symptomatic and asymptomatic PAD[9]. An ABI
value < 0.90 is used to diagnose PAD, which not only has high sensitivity and specificity for
PAD, but is also an independent marker of increased morbidity and mortality from
cardiovascular diseases[5, 10]. While ABI values of > 1.30 are considered medial arterial
calcification (MAC), which is common in patients with DM or advanced kidney disease[10,
11]. Diabetic nephropathy is one of the most common complications of DM[12]. While
metabolic syndrome is a known risk factor for albuminuria and cardiovascular disease[13].
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Additionally, high glomerular filtration rate is associated with impaired arterial stiffness and
cardiovascular disease in subjects with prediabetes[14]. Urinary albumin-to-creatinine ratio
(ACR), is used clinically to evaluate albuminuria, simultaneously as a standard routine for
DM management and intervention to identify and prevent the progression of diabetic
nephropathy[15]. Previous studies have demonstrated that ACR are independently associated
with all-cause and cardiovascular disease mortality in diabetic population[16, 17]. The
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relationship between urinary ACR and PAD have been studied in large sample of general
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population, but only in 161 diabetes patients in the Egyptian, and the conclusions were not
consistent in different races [15, 18, 19].
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Based on current evidence, whether ACR affects the arterial stiffness in peripheral blood
circulation in large sample of diabetes population needs to be further investigated. We
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hypothesized that there is a correlation between ACR and PAD in diabetes, and the specific
linear curve is not yet clear. Thus, the purpose of this study was to assess the association
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between urinary ACR and PAD in large sample of Chinese diabetes population.

2. Methods
2.1. Ethics

This study was performed according to the principles of the Declaration of Helsinki, and
was approved by the ethics committee of Yangpu Hospital, Tongji university, Shanghai,
China. We obtained informed consent from all patients or their immediate family members
prior to sample collection.
2.1. Design
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This was a cross-sectional study, designed to explore the correlation between urinary ACR
level and arterial stiffness in the diabetes population. Consecutive patients with diabetes were
enrolled in our study from department of neurology for peripheral nerves evaluation in
Baoshan branch, Renji Hospital, Shanghai Jiaotong University School of Medicine, and
department of endocrinology for blood-sugar management in Yangpu Hospital, Tongji
university in China from July 17, 2018, and February 19, 2021, and patient data were recorded

oo
f

in the Database of hospitals.
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2.3. Study subjects

Patients were diagnosed with diabetes according to the criteria defined by the World
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Health Organization criteria published in[20]. The inclusion criteria were as follows: (1)
aged≥18 years, (2) random venous plasma glucose concentration≥11.1mmol/l or fasting
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blood glucose concentration≥7.0mmol/l, (3) hemoglobin A1c (HbA1c) ≥6.5%, (4) patients
previously diagnosed diabetes taking glucose-lowering treatment, or antidiabetic therapy.
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Patients were excluded according to the following exclusion criteria: (1) pregnant diabetes
or other special types of diabetes, (3) active inflammation (e.g. systemic lupus
erythematosus，urinary tract infection, acute fever), (4) acute complications of diabetes (e.g.
diabetic ketoacidosis, nonketotic diabetic hyperosmolar coma), (5) recent trauma, surgery, or
use of nephrotoxic drugs, (6) peripheral arterial occlusion disease (PAOD), or waveform
images inadequate for the calculation of ABI, and (7) subjects with the presence of any
serious concomitant disease limiting life expectancy.
2.4. Clinical and laboratory data
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All participants were administered a standardized questionnaire that provided information
related to occupation, medical history, past and current medication use, and personal habits
such as cigarette, alcohol consumption, and dietary habit. Additionally, blood pressure was
taken using an automatic blood pressure cuff, and the value was obtained by averaging three
consecutive blood pressure measurements. BMI was calculated from weight and height
measurements.
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Blood and urine samples were collected in the early morning after admission in
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consecutive in-hospital diabetic patients. Urine specimens were collected to detect the level
of urinary ACR, which were measured with a commercially available quantitative test kit
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obtained from Biotechnology Co., Ltd (Shanghai, China). The urinary ACR test is a two-step
experiment. First, the fluorescent probe was used to detect urinary albumin content (Ex/Em =
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600/630 nm). In the second step, creatinine was generated by enzymatic reaction to form
intermediate products and react with chromogenic groups to form colored substrates (570
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nm). The detection values ranged from 0.02 to 2.5 mg/mL and 0.002 to 0.5 mg/mL for urine
albumin and urine creatinine respectively. The urinary ACR reference value in our laboratory
was < 30 mg/g. Blood samples were also collected to measure routine blood indicators, blood
biochemical indicators, and blood lipid index. HbA1c levels were measured by
high-performance liquid chromatography, and all HbA1c values were converted to Diabetes
Control and Complications Trial-aligned units.
ABI was defined as a ratio of systolic blood pressure of ankle to that of arm. The ankle and
brachial blood pressures were measured by Dinamap Model 1846 SX during ultrasound
assessment, an oscillometric device that obtains repeated blood pressure measurement
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automatically[21]. Ankle systolic blood pressure was measured two times in bilateral legs
and the average values was used as numerator of ABI. Brachial systolic blood pressure was
measured twice in the both arms and the mean values was used as denominator of
ABI[22]. In the present study, the low, middle (normal) and high ABI values were set as <0.9,
0.91–1.30, and high >1.30 respectively. The PAD was defined as ABI values < 0.90 in
patients with diabetes in our study.
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2.5. Propensity score matching
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Propensity score matching can balance the PAD and Non-PAD groups based on baseline
covariates to minimize the bias factors and control potential confounding factors. Therefore,
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we used the nearest-neighbor matching algorithm to adjust for sex, age, and disease duration
and set a caliper width of 0.01 to perform 1:2 propensity score matching. We described

matching.
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baseline characteristics and multivariate analysis outcomes before and after propensity score
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2.6. Statistical analysis

Categorical variables were presented as counts and percentages and were analyzed by
Fisher’s exact tests or Chi-square tests. Continuous variables were reported as the means and
standard deviations for data of normal distribution, which were analyzed by t tests and
One-Way Anova analysis, and they were reported as medians and interquartile ranges for
data of abnormal distribution, which were analyzed by Mann-Whitney U tests and
Kruskal-Wallis tests. Baseline characteristics of participants are presented by ABI level and
ACR level respectively. Urinary ACR level was abnormal distribution and log2-transformed
for analyses, and comparison of ABI was grouped by tertile’s of log2-transformed ACR. The
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association between log2-transformed ACR and low ABI and high ABI were assessed by
linear curve fitting analyses and multivariate logistic regression analysis. Age and gender
were included in the multivariate models as conventional adjustment factors, and baseline
variables that were considered relevant to low ABI (PAD) and that showed a univariate
relationship with low ABI (PAD) were entered into multivariate logistic regression model,
such as DBP, HbA1c et al. Both non-adjusted and multivariate-adjusted models were applied,
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and interaction and stratified analyses were conducted. Statistical analyses were performed
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using Statistical Package of the Social Sciences Software version 24.0 (SPSS, Chicago, IL,

<0.05.

3. Results

ur
na

3.1. Baseline characteristics
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USA) and R (version 3.4). The level of significance was set with a two-tailed p-value of

A total of 4248 consecutive patients were recruited for the study at the time of the final
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survey in February 2021. Among these candidates, those who had met the exclusion criteria
were excluded (n=926), those who had missing data related to ACR (n=597) and ABI
(n=1329) were also excluded. As a result, a total of 1396 patients were included for the final
analyses. According to ABI levels, all included patients were divided into PAD (ABI<0.9)
group (n=99) and Non-PAD (ABI≥0.9) group (n=1297), and also divided into low (ABI<0.9)
(n=99), middle (normal range of ABI=0.9-1.3) (n=1130), and high ABI level (ABI>1.3)
(n=167) groups. According to ACR levels, all included patients were divided into low ACR
group (ACR<30mg/g) (n=813) and high ACR group (ACR≥30mg/g) (n=583). After
propensity score matching, 264 patients were matched and were divided into PAD (ABI<0.9)
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group (n=88) and Non-PAD (ABI≥0.9) group (n=176). A flowchart of the study is shown in
Fig. 1.
Among 1396 study subjects, women accounted for 41.83% (n=584) and men for 58.17%
(n=812). The age of the enrolled subjects ranged from 23 to 87 years (women, 23–87 years;
men, 23–85 years) with a mean age of 59.17±10.99 years (women, 61.04±10.40 years; men,
57.83±11.22 years). The disease duration before admission ranged from 1.0-487 months with
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a median and interquartile range of 43 (1-122) months. The ACR ranged from 3.27 to
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8459.88 mg/g, and log2-transformed ACR ranged from 1.70 to 13.05 mg/g. The ABI ranged
from 0.49 to 1.76, and the prevalence of low ABI (PAD) was 7.09% (99/1396) in our study

lP

diabetes patients.

After propensity score matching analysis, a well-balanced of 264 patients were identified,
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and the baseline characteristics of the included patients between PAD (ABI<0.9) and
Non-PAD (ABI≥0.9) groups before and after score matching analysis are shown in Table 1.
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Which showed that the baseline characteristics achieved balance between the groups after
propensity score matching. The baseline characteristics of participants by ABI and ACR
levels respectively are shown in Supplement Table 1 and 2.
The mean ABI levels decreased with the increased tertile’s of log2-transformed ACR
levels in total patients before and after propensity score matching (p=0.001 and p=0.015,
respectively), and the prevalence of PAD (low ABI, ABI<0.9) increased with the increased
tertile’s of log2-transformed ACR in total patients before and after propensity score matching
(p<0.001 and p=0.007, respectively). The prevalence of high ABI (ABI>1.3) showed no
significant difference according to the increased tertile’s of log2-transformed ACR levels in
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total patients before and after propensity score matching (both p>0.005). (Fig.2A-C,
Supplement Table 3). Therefore, the univariate and multivariate analysis of the association
between log2-transformed ACR and high ABI were no further performed.
3.2. Linear curve fitting of the relationship between ACR and ABI.
Smoothed plots suggested that there are negative linear relationships between
log2-transformed ACR and ABI levels (p=0.008) (Fig. 2D), positive linear relationships

oo
f

between log2-transformed ACR and prevalence of low ABI (p=0.032) (Fig. 2E), and
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curvilinear relationships between log2-transformed ACR and prevalence of high ABI
(p=0.314) (Fig. 2F) after adjusting for sex, age, DBP, disease duration, intake of soy products,
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hypertension history, Hb, HbA1c, antidiabetic drugs, and antihypertensive drugs. The
Pearson’s correlation coefficient (95%) for the relationship between log2-transformed ACR
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and ABI was -0.102 (-0.154- -0.05, p<0.001) in all patients. The Spearman’s correlation
coefficient (95%) for the relationship between log2-transformed ACR and prevalence of low
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ABI and high ABI in all patients were 0.102 (0.049-0.156, p<0.001) and -0.018 (-0.0720.036, p=0.503) respectively.
3.3. Multiple logistic regression analyses of the relationship between ACR and low ABI.
Before propensity score matching, the univariate analysis showed that sex, age, DBP,
disease duration, intake of soy products, hypertension history, Hb, HbA1c, antidiabetic drugs,
and antihypertensive drugs were regarded as confounding factors related to low ABI (PAD)
(p<0.05) (Supplement Table 4). Before propensity score matching, the multiple logistic
regression analysis showed that the OR (95%) for the relationship between log2-transformed
ACR and risk of low ABI was 1.0 and 2.26 (1.48-3.43, p<0.001), and 1.0 and 1.70 (1.08-2.69,
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p=0.022) respectively in normal and high ACR levels in diabetes patients before and after
adjusting for sex, age, DBP, disease duration, intake of soy products, hypertension history,
Hb, HbA1c, antidiabetic drugs, and antihypertensive drugs, and the OR (95%) showed a
grade increase according to the log2-transformed ACR tertile’s (Table 2).
After propensity score matching, the univariate analysis showed that age, intake of soy
products, albumin, HbA1c, antidiabetic drugs, and antihypertensive drugs were regarded as
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confounding factors related to low ABI (PAD) (p<0.05) (Supplement Table 5). Sex was a
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conventional factor and was also included in multivariate analysis. In multiple logistic
regression analysis, the OR (95%) for the relationship between log2-transformed ACR and
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risk of low ABI (PAD) was 1.0 and 2.10 (1.25-3.53, p=0.005), and 1.0 and 1.85 (1.05-3.23,
p=0.031) respectively in normal and high ACR levels in diabetes patients before and after
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adjusting for sex, age, intake of soy products, albumin, HbA1c, antidiabetic drugs, and
antihypertensive drugs, and the OR (95%) showed a grade increase according to the
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log2-transformed ACR tertile’s (Table 2), which showed that the statistical significance was
maintained. Hierarchical analysis, according to sex, age, intake of soy products, albumin,
HbA1c, antidiabetic drugs, and antihypertensive drugs, also showed that the association
between log2-transformed ACR and risk of low ABI was statistically significant (Fig.3,
Supplement Table 6).

4. Discussion
In the current study, we found that elevated urinary ACR levels were independently
associated with decreased ABI in the diabetes patients, and the risk of low ABI (PAD) was
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evident in all subgroups considered and after careful adjustments. Therefore, these results
demonstrated that elevated urinary ACR was associated with PAD in patients with diabetes.
PAD is often asymptomatic, inadequate screening, and blunted pain perception due to
diabetic peripheral neuropathy, thus the accurate prevalence of PAD in patients with DM has
been hard to determine[1, 23]. The prevalence of PAD in our study was 7.09%, and HbA1c
level was high in low ABI patients. Previous study showed that each 1% increase in HbA1c
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was associated with 28% increase risk of PAD[24]. Similar result from the Bypass
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Angioplasty Revascularization Investigation in type 2 Diabetes (BARI 2D) trial showed a
21% increase hazard for each 1% increase in HbA1c[25]. DM not only results in an increase
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in the incidence of PAD, but also a poorer outcome than patients without diabetes[26]. A
clinical study found that patients with type 2 diabetes have increased central and peripheral
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artery stiffness evaluated by pulse wave velocity (PWV), which is another noninvasive
instrumental biomarker largely utilized in clinical practice[27]. The average age of patients
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with PAD in our study was 64.4 years, which was higher than that of normal ABI group.
Resent national study of PAD from China presented that the prevalence of PAD increased
with age, and nearly two folds high in patients aged 75 and older than aged 35-44 years [28].
The traditional risk factors such as age, smoking, hypertension and dyslipidaemia has been
elucidated for PAD in both general and diabetic population. Some of non-traditional risk
factors associated with PAD were widely studied, including genotype, C-reactive protein,
hyperuricaemia, history of myocardial infraction and stroke, and infection[1, 9, 29-32].
Besides above risk factors, diabetes duration, diabetic neuropathy, increased carotid
intima-media thickness and aortic stiffness were independent risk factors in diabetic patients
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with PAD[31, 33, 34]. In 2019, Antonino DP and colleagues found that SBP was associated
with PWV and patients with normal glucose tolerance might present cardiovascular and
glycometabolic risks[35]. In our study, there was difference in DBP but not SBP between
unmatched PAD and Non-PAD groups, and univariate regression analysis showed DBP could
be a confounder factor. Therefore, DBP was included in our multivariate analysis. A clinical
study showed that low advanced glycation end product diet improved the lipid and
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inflammatory profiles of prediabetic subjects and seemed to reduce atherosclerotic burden
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compared with a standard diet[36]. Intriguingly, we found that the average intake of
vegetable or soy products were significant different between diabetic patients with low and
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high ABI. Since unhealthy diet and lack of exercise are leading cause of obesity, and central
obesity was strongly associated with diabetes and PAD[37], more research need to clarify the
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relationship between diet and PAD.

Prior studies have reported association between urinary ACR and PAD irrespective
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diabetic status. In multi-ethic study of atherosclerosis, Wattanakit et al. found that the
presence of albuminuria was associated with an almost 2-fold great odds of PAD in diabetic
patients[18], Garimella et al. found urinary ACR is associated with progression of ABI to
both abnormally low and high values[10]. Albuminuria is a dominant marker of generalized
endothelial dysfunction and renal impairment[38, 39]. Some pathological mechanisms were
suggested to prevent the development of PAD among patients with statin therapy[40]. In DM,
endothelial dysfunction results in the overproduction of reactive oxygen species, which
subsequently leads to an increase in platelet activity and vascular smooth muscle proliferation.
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This phenomenon is believed to play an important role in the development and progression of
PAD[41, 42].
Our study found no statistical significance for the relationship between urinary ACR and
risk of high ABI before and after adjusting confounder factors in patients with diabetes. The
similar relationship between elevated urinary ACR and high ABI was presented in a
prospective study among a community-based Chinese population[43]. There were limited
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researches analyzing the relationship between albuminuria and high ABI. Since high ABI
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was significantly associated with an increased risk of all-cause mortality in general
population and diabetic patients[44-46], and positive association between high ABI and
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reduced eGFR was presented among diabetic patients[47], the relationship between high ABI
and renal impairment needs to be validated in future prospective studies.
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Several limitations should be considered in the interpretation of our results. First, it is
cross-sectional research, and we only focused on the association rather than causality, hence
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further longitudinal observational researches are needed to determine its outcome or
directionality. Second, it is possible to misclassify PAD, since the golden standard tool for
diagnosis is angiography instead of ABI. Additionally, the PWV was not combined used to
evaluate arterial stiffness in our study because the PWV data are not available. Third,
albuminuria measurement was based on a single spot urine sample. Finally, the patients in
our study were hospitalized because of poor blood glucose control, therefor, the overall
values of HbA1c were relatively high. These warrants investigation in other populations to
confirm the generalizability of our results. Certainly, in this study, propensity score matching
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method was used to balance the covariates between groups to improve the scientificity of the
conclusion.

5. Conclusions
The present study suggests that the elevated urinary ACR level was associated with
decreased ABI in patients with diabetes. Therefore, the elevated urinary ACR was associated
with PAD in Chinese patients with diabetes. Further studies are required with larger number
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of patients and follow-up study to identify the value of urinary ACR level in PAD in diabetes
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patients.
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Figure Legends
Figure 1. A flowchart of the study.

Figure 2. Comparison of ABI and linear curve fitting of the relationship between
log2-transformed ACR and ABI. The mean ABI levels showed decreasing trend in highest
log2-transformed ACR group in total patients (both p<0.05) (A). Prevalence of low ABI
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f

(PAD) showed grade increase according to the log2-transformed ACR tertile’s levels in total

re
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r

patients (both p<0.05) (B). The prevalence of high ABI showed no difference according to
the log2-transformed ACR tertile’s levels in total patients (both p>0.05) (C). Linear

lP

relationship between log2-transformed ACR and ABI levels (p=0.008) (D), prevalence of low
ABI (p=0.032) (E), and prevalence of high ABI (p=0.314) (C) were detected respectively

ur
na

after adjusting for sex, age, DBP, intake of vegetables, intake of soy products, hyperlipidemia
history, Hb, albumin, HbA1c, and antidiabetic drugs. Solid lines represent the fitting curve

Jo

and dotted lines represent the corresponding 95% CI.

Figure 3. Hierarchical analysis on relationship of log2-transformed ACR and prevalence
of low ABI after propensity score matching. Each stratification adjusted for all the factors
(sex, age, intake of soy products, albumin, HbA1c, antidiabetic drugs, and antihypertensive
drugs) except the stratification factor itself.
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Table 1. Baseline characteristics of participants by PAD before and after propensity score matching
Unmatched
Characteristic

PAD

Matched

Non-PAD

PAD

Non-PAD

(ABI<0.9)

(ABI≥0.9)

88

176

63.75 ± 11.57

60.48 ± 11.94

0.035

0.902

52 (59.09)

96 (54.55)

0.483

0.228

140.53 ± 21.77

137.86 ± 21.42

0.342

78.79 ± 12.21

<0.001

74.65 ± 11.83

77.56 ± 11.35

0.054

165.95 ± 8.71

0.108

164.96 ± 9.16

165.03 ± 9.64

0.958

26.01 ± 3.95

0.400

25.68 ± 3.87

26.30 ± 4.14

0.247

85.00 (1.00-183.00)

38.00 (1.00-122.00)

0.020

85.00 (1.00-173.25)

85.00 (1.00-173.25)

0.298

19/96 (19.79)

356/1260 (28.25)

0.074

18/88 (20.45)

52/176 (29.55)

0.115

10/96 (10.42)

308/1260 (24.44)

0.002

10/88 (11.36)

40/176 (22.73)

0.026

P-value
(ABI<0.9)

(ABI≥0.9)

99

1297

64.40 ± 11.51

58.77 ± 10.85

Sex (men) (%)

57 (57.58)

755 (58.21)

SBP (mmHg)

141.05 ± 21.94

138.44 ± 20.61

DBP (mmHg)

74.36 ± 11.74

Height (cm)

164.48 ± 9.16

BMI (kg/m2)

25.67 ± 3.81

Disease duration (m)
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<0.001
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Age (y)
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No. of participants

f

Basic information

P-value

Living habits
Average intake of
vegetables >200g/d (%)
Average intake of soy

Smoking history (%)

8/69 (11.59)

137/907 (15.10)

0.429

8/64 (12.50)

13/130 (10.00)

0.598

Drinking history (%)

23/90 (25.56)

269/1134 (23.72)

0.694

21/82 (25.61)

38/154 (24.68)

0.875

48/90 (53.33)

502/1208 (41.56)

0.029

47/88 (53.41)

88/176 (50.00)

0.601

Hyperlipidemia (%)

8/90 (8.89)

147/1208 (12.17)

0.355

8/88 (9.09)

31/176 (17.61)

0.066

Hyperuricemia (%)

2/90 (2.22)

28/1208 (2.32)

2/88 (2.27)

9/176 (5.11)

0.276

CHD (%)

11/90 (12.22)

85/1208 (7.04)

0.070

10/88 (11.36)

23/176 (13.07)

0.693

Stroke (%)

2/90 (2.22)
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products >100g/d (%)

22/1208 (1.82)

0.785

2/88 (2.27)

3/176 (1.70)

0.750

24.31 (14.14-56.49)

<0.001

38.59 (17.68-114.83)

26.48 (15.03-45.99)

0.004

5.08 ± 2.01

<0.001

5.78 ± 2.23

5.00 ± 1.77

0.002

Log2-transformed ACR

43.32 (17.68-132.91)
5.90 ± 2.27
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Urinary ACR (mg/g)
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Laboratory tests

ur
na

Hypertension (%)

f

Medical history

(mg/g)
WBC (10^9/L)

6.76 ± 1.69

6.80 ± 2.71

0.893

6.75 ± 1.75

6.67 ± 2.01

0.763

RBC (10^12/L)

4.55 ± 0.63

4.76 ± 1.71

0.293

4.59 ± 0.62

4.65 ± 0.59

0.534

Hb (g/L)

135.34 ± 17.72

140.86 ± 16.75

0.002

136.80 ± 17.62

138.17 ± 17.51

0.553

Platelet (10^9/L)

224.77 ± 61.51

218.55 ± 66.89

0.370

225.49 ± 62.58

217.13 ± 68.81

0.342

20.00 (16.00-26.00)

0.533

20.00 (16.00-23.25)

20.00 (16.00-26.50)

0.592

40.63 ± 6.26

41.72 ± 6.82

0.123

40.55 ± 6.56

42.85 ± 8.36

0.025

339.24 ± 88.21

338.56 ± 97.94

0.946

337.94 ± 89.94

353.69 ± 102.21

0.221

Total cholesterol (mmol/L)

4.74 ± 1.55

4.91 ± 1.35

0.234

4.66 ± 1.48

4.75 ± 1.50

0.629

HDL (mmol/L)

1.14 ± 0.43

1.17 ± 0.43

0.565

1.14 ± 0.45

1.18 ± 0.41

0.519

LDL (mmol/L)

3.11 ± 1.00

3.16 ± 0.93

0.597

3.08 ± 0.95

3.07 ± 0.94

0.899

1.75 (1.17-2.66)

1.60 (1.13-2.45)

1.64 (1.12-2.64)

1.60 (1.23-2.46)

0.923

9.84 ± 2.17

9.30 ± 2.31

0.023

9.91 ± 2.15

9.18 ± 2.31

0.014

0.80 ± 0.09

<0.001

0.80 ± 0.08

1.14 ± 0.13

<0.001

1000/1294 (77.28)

0.081

74/88 (84.09)

123/175 (70.29)

0.015

HbA1c (%)
Vascular assessment

Medication use

oo

1.14 ± 0.14
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ABI
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Triglyceride (mmol/L)

0.338

re

Uric acid (μmmol/L)
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Albumin (g/L)

f

20.00 (16.00-24.50)
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AST (U/L)

Antidiabetic drugs (%)

84/99 (84.85)

Insulin therapy (%)

21/90 (23.33)

229/1208 (18.96)

0.310

19/88 (21.59)

38/176 (21.59)

1.000

8/99 (8.08)

128/1297 (9.87)

0.563

7/88 (7.95)

15/176 (8.52)

0.875

Antiplatelet drugs (%)

10/99 (10.10)

66/1297 (5.09)

0.034

9/88 (10.23)

20/176 (11.36)

0.781

Antihypertensive drugs (%)

46/99 (46.46)

446/1297 (34.39)

0.015

43/88 (48.86)

63/176 (35.80)

0.041

Lipid lowering drugs (%)

Jo

ur
na

lP

re

-p
r

oo

f

ABI- ankle-brachial index, ACR- albumin-creatinine ratio, AST- aspartate transaminase, BMI- body mass index, CHD- coronary heart disease,
DBP- diastolic blood pressure, Hb– hemoglobin, HbA1c- hemoglobin A1c, HDL- high density lipoprotein, LDL- low density lipoprotein, PAD,
lower extremity peripheral arterial disease, RBC– red blood cell, SBP- systolic blood pressure, WBC- white blood cell.

Table 2.

Multivariate logistic regression for effects of ACR on low ABI before and after propensity score matching
Unmatched
Model 1 (unadjusted)
OR (95% CI) p

N

1.18 (1.08, 1.28)
log2-transformed ACR (total) (continuous)

1396

583

-p
r

re

High ACR (1012/L)

ref

813

lP

813

1396

ur
na

2.26 (1.48, 3.43)

Tertile 1 (Low)

442

Tertile 2 (Middle)

486

Jo

1396

ref

1.13 (0.62, 2.04)

468
1396

ref

1.85 (1.05, 3.23)

0.005

85

0.031
264

ref

85

1.08 (0.54, 2.12)

0.984

ref
1.00 (0.48, 2.10)

90
0.834

1.92 (1.09, 3.04)

ref

112

90

468

152

2.10 (1.25, 3.53)

1.00 (0.53, 1.86)

2.63 (1.56, 4.43)

p for trend

ref

0.033
264

264

486
0.692

Tertile 3 (High)

264
152

OR (95% CI) p
1.16 (1.01, 1.34)

0.002

0.022

442

N
264

112

1396

Model 2 (adjusted)

1.22 (1.07, 1.39)

1.70 (1.08, 2.69)

583

<0.001

log2-transformed ACR (categorical 2)

ref

OR (95% CI) p

264

0.088

1396

Normal ACR (1012/L)

N

1.09 (1.01, 1.21)

1396
<0.001

log2-transformed ACR (categorical 1)

OR (95% CI) p

Model 1 (unadjusted)

f

N

Model 2 (adjusted)
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Variable

Matched*

0.992

2.43 (1.24, 4.74)
89

2.21 (1.09, 4.48)
89

<0.001

0.025

0.009

0.028

1.35 (1.17, 1.55)

1.23 (1.06, 1.44)

1.31 (1.10, 1.56)

1.27 (1.06, 1.54)

<0.001

0.007

0.003

0.011

Model 1: unadjusted
Unmatched Model 2: adjusted for sex, age, DBP, disease duration, intake of soy products, hypertension history, Hb, HbA1c, antidiabetic drugs,
and antihypertensive drugs.
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Matched Model 2: adjusted for sex, age, intake of soy products, albumin, HbA1c, antidiabetic drugs, and antihypertensive drugs.
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Highlights
1.

The mean ABI levels decreased with the increase of ACR levels in total patients
before and after propensity score matching.

2.

Positive linear relationships between log2-transformed ACR and incidence of low
ABI.

3.

Curvilinear relationships between log2-transformed ACR and incidence of high
ABI
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Positive association between urinary ACR and lower extremity peripheral arterial
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disease in diabetes patients.
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4.

