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Individuals with type 1 diabetes carry substantially increased 
cardiovascular risk.1–3 Blood pressure is a major modifiable 
risk factor of cardiovascular disease4,5 that displays a series of 
distinct changes with increasing age.6 The predictive utilities 
of different blood pressure components, i.e., systolic (SBP), 
diastolic (DBP), pulse (PP), and mean arterial pressure 
(MAP), are altered by aging. SBP has been recommended as 
the primary measure reflecting cardiovascular risk in cur-
rent hypertension guidelines.7 DBP and MAP may carry 
further value for risk prediction at younger ages. PP is an in-
dependent determinant of adverse cardiovascular outcomes 
especially in older people but appeared less informative than 
the other blood pressure measures in the general popula-
tion.4 However, the degree to which similar relationships 
exist in people with type 1 diabetes remains unclear, which 
is particularly important given that an “accelerated vascular 
aging” has been suggested in this high-risk population.1–3

Because hyperglycemia and insulin resistance are as-
sociated with greater stiffening of arteries and prema-
ture vascular aging, PP may be more informative for 
risk prediction in the diabetes population.8,9 However, 

very few studies have tested the relative importance of 
PP compared with other blood pressure measures in dia-
betes, and previous data were exclusively from the older 
aged type 2 diabetes population.10,11 High blood pressure 
can affect type 1 diabetes individuals as early as in their 
childhood.12 Compared with the nondiabetes population, 
individuals with type 1 diabetes experience an elevated 
SBP at all ages and an earlier decline in DBP, resulting 
in a premature increase in PP.13 However, the discrimi-
natory abilities of different blood pressure components 
for cardiovascular risk have not been established in the 
type 1 diabetes population. In this study, therefore, we 
assessed the comparative predictive utilities of different 
blood pressure components for coronary artery disease 
(CAD) in type 1 diabetes. In addition, we examined the 
effect modification of age and glycemic exposure on the 
association of blood pressure with CAD outcomes. This 
study was conducted using 25-year follow-up data from 
the Pittsburgh Epidemiology of Diabetes Complications 
(EDC) Study, a cohort of well-characterized childhood-
onset type 1 diabetes individuals.
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BACKGROUND
To compare in individuals with type 1 diabetes the prediction of inci-
dent coronary artery disease (CAD) by components of resting blood 
pressure—systolic, diastolic, pulse pressure, and mean arterial pressure.

METHODS
In 605 participants without known CAD at baseline and followed se-
quentially for 25 years, we used Cox modeling built for each blood pres-
sure component associated with incident CAD, overall and stratified by 
age (<35 and ≥35 years) or hemoglobin A1c (HbA1c) (<9% and ≥9%).

RESULTS
Baseline mean age and diabetes duration were 27 and 19 years, respec-
tively. We observed an early asymptote and then fall in diastolic blood 
pressure in their late 30s and early 40s in this group of type 1 diabetes 
individuals, followed by an early rise of pulse pressure. Adjusted hazard 
ratios (HR) (95% con) for CAD associated with 1 SD pressure increase 

were 1.35 (1.17, 1.56) for systolic pressure; 1.30 (1.12, 1.51) for diastolic 
pressure; 1.20 (1.03, 1.39) for pulse pressure; and 1.35 (1.17, 1.56) for 
mean arterial pressure. Pulse pressure emerged as a strong predictor 
of CAD at age ≥ 35 years (HR: 1.49 [1.15, 1.94]) and for HbA1c ≥ 9% (HR: 
1.32 [1.01, 1.72]).

CONCLUSIONS
Individuals with type 1 diabetes may manifest early vascular aging by 
an early decline in diastolic blood pressure and rise in pulse pressure, 
the latter parameter becoming a comparable to systolic blood pressure 
in predictor incident CAD in those aged over 35 years and those with 
poor glycemic control.
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METHODS

Study population

Participants were from the Pittsburgh EDC Study, which 
has previously been described in detail.14 In brief, this is a 
prospective longitudinal cohort study of childhood-onset 
(<17 years of age) type 1 diabetes, diagnosed between 1950 
and 1980 at Children’s Hospital of Pittsburgh. There were 658 
eligible participants who were initially examined between 
1986 and 1988. Subsequent clinical assessments, including 
resting blood pressure measurements, took place biennially 
for 10 years, with further examinations at the 18- and 25-year 
follow-up visits. Importantly, the EDC cohort has been shown 
to be epidemiologically representative of the type 1 diabetes 
population in Allegheny County, Pennsylvania.15 There were 
605 participants who were free from CAD at the study entry 
and these were selected for the present analysis.

Ascertainment of cardiovascular outcomes

Cardiovascular disease status was evaluated biennially 
from the baseline visit. CAD was defined as EDC physician-
diagnosed angina; myocardial infarction confirmed by 
Q-waves on an electrocardiogram (Minnesota codes 1.1 
or 1.2) or hospital records; angiographic stenosis ≥ 50%; 
revascularization; or ischemic electrocardiograph changes 
(Minnesota codes 1.3, 4.1–4.3, 5.1–5.3, and 7.1).

Measurement of blood pressure

Blood pressure was measured by a random-zero sphyg-
momanometer for the initial 10 years of the study and subse-
quently by an aneroid device. At each clinic visit, blood pressure 
was measured 3 times by trained and certified research staff, 
after the participant had been peacefully sitting for 5 minutes 
in a quiet room, according to the Hypertension Detection and 
Follow-up Program protocol.16 PP was defined as the differ-
ence between SBP and DBP, and MAP was calculated as the 
sum of one third of the SBP and two thirds of the DBP.

Measurement of covariates

Demographic and medical history information was 
obtained through biennial questionnaires beginning at 
study initiation. Participants self-reported all medication 
use via questionnaires. Antihypertensive medication use 
was identified using the Anatomical Therapeutic Chemical 
Classification System/Defined Daily Dose (ATC/DDD) 
index. An ever smoker was defined as someone who had 
smoked at least 100 cigarettes in a lifetime. Body mass index 
was calculated as weight in kilograms divided by the square of 
height in meters. HbA1 was obtained by ion-exchange chro-
matography (Isolab, Akron, OH) for the first 18 months, and 
the subsequent 10  years by automated high-performance 
liquid chromatography (Diamat, Bio-Rad, Hercules, CA). 
Results from the 2 methods were highly correlated (r = 0.95). 
Hemoglobin A1c (HbA1c) was subsequently obtained 
using the DCA 2000 analyzer (Bayar, Taneytown, NY) for 
assessments beyond the first 10 years. The DCA and Diamat 

assays were also highly correlated (r  =  0.95). Before being 
used in the analysis, all glycosylated hemoglobin values 
were converted to DCCT-aligned HbA1c using regression 
equations derived from duplicate assays.17 Total cholesterol 
was determined enzymatically.18 High-density lipoprotein 
(HDL) cholesterol was obtained enzymatically with a precip-
itation technique (heparin and manganese chloride) using 
a modified version of the Lipid Research Clinics method.19 
Non-HDL cholesterol was estimated from total cholesterol 
minus HDL cholesterol. Urinary albumin was measured by 
immunonephelometry.20

Statistical analysis

Baseline characteristics of the study population were 
examined; categorical variables were presented as a per-
centage (number), and continuous variables as a mean (SD) 
or median (first and third quantiles), as appropriate.

Cox proportional hazard models were constructed to 
estimate the associations of each baseline blood pressure 
measure with incident CAD, adjusting for sex, age, age at 
diabetes onset, HbA1c, and antihypertensive use. In all 
of the Cox models, time was measured as time since the 
study entry (i.e., time 0 = date of study entry). The adjusted 
hazards ratios (HR) with 95% confidence intervals (CIs) 
were presented. To evaluate whether the predictive abilities 
of blood pressure measures vary at different ages or glycemic 
levels, stratified analysis was conducted by age < 35 and ≥ 
35  years and by HbA1c < 9% and ≥ 9%, respectively. The 
age cutoff of 35 years is based on previous findings that PP 
showed a steep rise from the 30s to 40s in type 1 diabetes13; 
the HbA1c cutoff of 9% was close to the median of base-
line HbA1c in this cohort. In addition to stratified analysis, 
the interaction effect of different age and HbA1c groups 
on the association of blood pressure with outcome events 
were tested and then plotted (model-based interaction 
plot).21 The predictive ability of each baseline blood pressure 
measure was also assessed using the C-statistic method by 
Uno et al.22; all pairwise comparisons were tested.

The least absolute selection and shrinkage operator 
(LASSO)-penalized Cox regression23 was also employed for 
variable selection, allowing for all 4 blood pressure measures 
(SBP, DBP, PP, and MAP) and a wide range of potential base-
line risk factors (age, sex, age at diabetes onset, ever smoker, 
body mass index, pulse rate, HbA1c, urinary albumin excre-
tion rate, HDL and non-HDL cholesterol, white blood cell 
count, and antihypertensive use). The optimal penalty pa-
rameter was determined using the 10-fold cross-validation 
method. The considerations of using LASSO regression were 
as follows: (i) penalized regression handles multicollinearity 
between predictors by imposing a penalty factor in the es-
timation of coefficients24,25 and (ii) LASSO, as one of the 
most widely used penalized models, is applicable for both 
low- and high-dimensional data and has been shown to be 
superior to the stepwise technique.26

The assessment of improvement in model fit of the combi-
nation of blood pressure variables (SBP and DBP, MAP and 
PP, or SBP and PP) vs. a single blood pressure variable was 
conducted using the likelihood-ratio χ 2 test. The combined 
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MAP and PP was tested as the MAP and PP reflects 2 dis-
tinct blood pressure characteristics, the steady and pulsa-
tile components, receptively.27 PP has been suggested to be 
more informative for cardiovascular risk prediction in the 
diabetes population,8,9 and SBP has been recommended as 
the primary blood pressure measure in current guidelines.7 
Thus, we indented to test whether risk prediction might be 
improved with the combination of SBP and PP.

A 2-sided P < 0.05 was considered significant. The analyses 
were performed with SAS v 9.4 (SAS Institute, Cary, NC) 
and R version 3.5.1 (R Core Team, Vienna, Austria).

RESULTS

Baseline characteristics are shown in Table 1. Among 605 
eligible participants without known CAD at baseline, mean 
age and diabetes duration were 27 and 19 years, respectively. 
During the 25 years of follow-up, 219 (36.2%) incident CAD 
cases were identified. Among the 219 CAD cases that were 
identified in this study, the proportions of myocardial infarc-
tion (fatal or nonfatal), coronary revascularization, physician-
diagnosed angina, and electrocardiograph-determined 
ischemia were 37.0%, 18.7%, 29.2%, and 15.1%, respectively.

The Pearson correlation coefficients of different baseline 
blood pressure measures were 0.72 (SBP vs. DBP), 0.68 (SBP 
vs. PP), 0.90 (SBP vs. MAP), −0.02 (DBP vs. PP), 0.95 (DBP 
vs. MAP), and 0.28 (PP vs. MAP).

Age-specific means of blood pressures were calculated 
among CAD cases and noncases, comprising all blood pressure 
values from the baseline to the last available measure, prior to 
the event occurrence for cases or at the end of the follow-up for 
noncases (Figure 1). CAD cases experienced a higher SBP and 
a higher PP than noncases across all age groups; the differences 
of blood pressure between cases and noncases became greater 
with older age. The DBP increased until late 30s and early 40s 
and started falling thereafter; the CAD cases showed a decline 
in DBP 10 years earlier than seen in noncases.

Controlling for sex, age, age at diabetes onset, HbA1c 
levels, and antihypertensive medication use, the HRs (95% 
CI) associated with one increment in SD for CAD risk were 
1.35 (1.17, 1.56) for SBP; 1.30 (1.12, 1.51) for DBP; 1.20 
(1.03, 1.39) for PP; and 1.35 (1.17, 1.56) for MAP (Table 
2). In an analysis stratified by baseline age < vs. ≥ 35 years, 
PP was not significantly associated with CAD at age < 
35 years (HR [95% CI]: 1.07 [0.88, 1.29], P = 0.500), but 
PP became the strongest blood pressure predictor in those 
aged 35 years or older (HR [95% CI]: 1.49 [1.15, 1.94], P 
= 0.003). In a stratified analysis by baseline HbA1c < vs. 
≥9%, the HR of PP associated with CAD was statistically 
significant, and the effect size was similar to that of other 
blood pressure measures (HR [95% CI]: 1.32 [1.01, 1.72], 
P = 0.043) in those with worse glycemic control; however, 
the association was less powerful and nonstatistically sig-
nificant (HR [95% CI]: 1.13 [0.94, 1.37], P = 0.202) in those 
with better glycemic control.

The effect modification was significant for HbA1c (HR: 
1.41, P = 0.023) and was marginally significant for age (HR: 
1.29, P = 0.093) on the association of PP with CAD outcomes 
(Supplementary Figure S1). No significant interaction effect 

was found for the other 4 blood pressure measures (SBP, 
DBP, and MAP) in this analysis (data not shown).

Consistently, although the C-statistic value was signifi-
cantly lower for PP compared with the other 4 blood pres-
sure indices in the entire cohort, PP performed similarly 
to that of other indices in those with higher HbA1c levels 
(≥9%) or at an older age (≥35 years) (Table 2).

Table 3 shows the baseline risk factor selection for the 
prediction of CAD using a LASSO–Cox model for overall 
participants as well as subgroups of different age and glycemic 
levels. Allowing for a wide range of potential risk factors as 
well as 4 blood pressure measures (SBP, DBP, PP, and MAP), 
SBP was retained in the model after LASSO selection in the 
entire cohort, and the 2 subcohorts with HbA1c < 9% and 
≥ 9%. Consistent with the conventional Cox models, PP 

Table 1.  Baseline characteristics of the study participants 
(n = 605)

Variablesa Data

Age, years 27.2 (7.7)

Age at diabetes onset, years 8.2 (4.1)

Diabetes duration, years 19.0 (7.4)

Female, % (n) 49.8 (301)

BP, mm Hg  

  SBP 112.9 (14.7)

  DBP 72.5 (10.8)

  PP 40.4 (10.3)

  MAP 85.9 (11.3)

Antihypertensive medication use, % (n) 12.9 (78)

Hypertension, % (n) 14.4 (87)

Pulse rate, beats/min 78 (10)

HbA1c, % 8.8 (1.5)

Ever smoker, % (n) 37.2 (225)

BMI, kg/m2 23.5 (3.2)

High WHRb, % (n) 4.8 (29)

AER, μg/min 14.4 (7.2, 101.7)

Raised albuminuria, % (n) 44.4 (269)

Cholesterol, mg/dL  

Total 189.6 (41.0)

  Non-HDL 135.6 (41.0)

  HDL  

    Male 49.5 (9.8)

    Female 58.4 (12.9)

Abbreviations: AER, urinary albumin excretion rate; BMI, body 
mass index; BP = Blood pressure; CAD, coronary artery disease; 
DBP, diastolic blood pressure; HbA1c, hemoglobin A1c; HDL, 
high-density lipoprotein; IQR, interquartile range; MAP, mean artery 
pressure; PP, pulse pressure; SBP, systolic blood pressure; WHR, 
waist–hip ratio.

aCategorical variables were presented as percentage (number) 
and continuous variables as mean (SD) or median (IQR).

bHigh WHR defined as >1 if men or >0.85 if women.
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exerted an important role in CAD risk prediction for those 
over 35 years of age and in those with an HbA1c of over 9%. 
As expected, MAP, compared with other blood pressure 
measures, showed a stronger effect in the younger group.

A model with combined SBP and DBP or combined SBP 
and PP was not remarkably superior to a model with a single 
SBP for CAD risk prediction. A model with combined MAP 
and PP was not remarkably superior to a model with a single 
MBP (Supplementary Table S1).

The current analysis included all CAD events (n  =  219). 
Of these CAD events, 122 (56%) were hard CAD events 
(revascularization, myocardial infarction, and CAD death), 
and the rest 97 (44%) were more “soft” CAD end points (new 
onset of angina and electrocardiograph-identified ischemic 
heart disease). We also conducted analyses for hard CAD 
events only. Being consistent with the analysis for the overall 
CAD outcomes, PP was a significant predictor of hard CAD 
outcome events in those with older age ≥ 35 years and in those 
with higher HbA1c levels ≥ 9% (Supplementary Table S2).

DISCUSSION

This study presents a comprehensive comparison of CAD 
risk prediction among 4 blood pressure measures in a co-
hort with long duration type 1 diabetes. We observed an 

early asymptote and then fall in DBP between ages 30 and 
39, followed by an early rise of PP. This early fall in DBP and 
early rise in PP occurred approximately 20 years earlier in 
these type 1 diabetes individuals than that seen in the general 
population.6 In this study, significant positive associations 
were observed between each blood pressure measure (SBP, 
DBP, PP, and MAP) and incident CAD in the entire study co-
hort. PP appears to be inferior to the other 4 blood pressure 
measures but becomes comparable in those aged 35 years or 
older and in those with worse glycemic control.

Stiffening of the arterial wall as a sign of vascular aging 
is thought to be a complex process involving collagen over-
production and accumulation, elastin fiber degradation, 
vascular smooth muscle cell proliferation, and vascular cal-
cification.28 Increased cardiovascular risk in diabetes is at 
least partially explained by glycation-induced accelerated 
vascular aging, such as advanced glycated end products 
(AGE), cross-linking, and decreased turnover of collagen on 
the arterial wall, leading to a decline of artery elasticity.29,30 
An increased PP results from age-related stiffening of the 
large arteries,31 leading to increasing interest in the role of 
PP in contributing to cardiovascular risk, particularly in 
diabetes.9 According to the present study, type 1 diabetes 
individuals have an increased SBP across all ages compared 
with the nondiabetes population and also have a sharp rise 

Figure 1.  Age-specific means of blood pressure between coronary artery disease cases and noncases.
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of PP as early as the third and fourth decade of life. We 
found a weaker, but significant association of PP with in-
cident CAD in the entire cohort, in line with the results 
of other type 1 diabetes studies, such as the EURODIAB 
study32 and the FinnDiane study.33 Our observations ex-
tend previous findings by showing that PP is a powerful 
determinant for CAD risk particularly in those 35 years or 
older and/or with poorer glycemic control. These findings 
strongly support the hypothesis that vascular aging is ac-
celerated by glycation-mediated changes in this high-risk 
population.

The 2017 American Diabetes Association position paper 
“Diabetes and Hypertension” 34 states that a higher PP (>60 mm 
Hg, systolic hypertension in association with low DBP) in 
older people with diabetes may result in an increased risk of 
adverse cardiovascular outcomes. Our findings suggest that, in 
type 1 diabetes individuals, PP may start playing an important 
role from an early age, i.e., late 30s, in predicting cardiovas-
cular disease. An increased PP may not only be a marker of 
cardiovascular risk but also reflect a diseased state of stiffened 
arteries. Thus, studies focusing on premature vascular aging in 
type 1 diabetes may open a window for us to better understand 

Table 2.  Hazard ratios and C statistics for incident CAD of different baseline blood pressure measures, adjusted for gender, age, age of 
diabetes onset, HbA1c, and antihypertensive medication use

BP measure Cox model C-statistics

 HR (95% CI) per SD P value C-statistic (95% CI)

Overall n = 605, events = 219   

SBP 1.35 (1.17, 1.56) <0.001 0.789 (0.752, 0.827)*

DBP 1.30 (1.12, 1.51) <0.001 0.784 (0.746, 0.822)*

PP 1.20 (1.03, 1.39) 0.021 0.770 (0.729, 0.810)

MAP 1.35 (1.17, 1.56) <0.001 0.789 (0.747, 0.831)*

Stratified by age    

 Baseline age < 35 years   

n = 500, events = 150

SBP 1.31 (1.10, 1.57) 0.003 0.760 (0.705, 0.815)

DBP 1.33 (1.12, 1.59) 0.001 0.773 (0.719, 0.827)*

PP 1.07 (0.88, 1.29) 0.500 0.748 (0.691, 0.805)

MAP 1.35 (1.14, 1.61) <0.001 0.770 (0.713, 0.826)*

 Baseline age ≥ 35 years   

n = 105, events = 69

SBP 1.38 (1.06, 1.79) 0.018 0.656 (0.567, 0.764)

DBP 1.08 (0.78, 1.49) 0.640 0.640 (0.551, 0.729)

PP 1.49 (1.15, 1.94) 0.003 0.658 (0.562, 0.753)

MAP 1.24 (0.92, 1.68) 0.156 0.648 (0.545, 0.751)

Stratified by HbA1c    

 Baseline HbA1c < 9%   

n = 380, events = 141

SBP 1.35 (1.12, 1.62) 0.001 0.751 (0.696, 0.806)

DBP 1.37 (1.13, 1.66) 0.001 0.768 (0.715, 0.822)*

PP 1.13 (0.94, 1.37) 0.202 0.731 (0.678, 0.784)

MAP 1.39 (1.16, 1.68) <0.001 0.774 (0.710, 0.838)*

 Baseline HbA1c ≥ 9%   

n = 225, events = 78

SBP 1.29 (1.02, 1.63) 0.018 0.840 (0.780, 0.900)

DBP 1.20 (0.95, 1.52) 0.135 0.836 (0.773, 0.898)

PP 1.32 (1.01, 1.72) 0.043 0.838 (0.786, 0.890)

MAP 1.26 (1.00, 1.60) 0.050 0.839 (0.792, 0.887)

*P < 0.05 compared with PP. P > 0.05 for the rest of pairwise comparisons between different blood pressure measures (SBP, DBP, PP, and 
MAP). Abbreviations: BP, blood pressure; CAD, coronary artery disease; CI, confidence interval; DBP, diastolic blood pressure; HbA1c, hemo-
globin A1c; HR, hazard ratio; MAP, mean artery pressure; PP, pulse pressure; SBP, systolic blood pressure.
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the pathogenesis of general vascular aging that is typically 
occurred at older ages in the general population.

This EDC Study is a well-characterized type 1 diabetes co-
hort with an extended follow-up duration. Different blood 
pressure measures for CAD risk prediction were examined, 
along with age and HbA1c stratified analyses. Advanced sta-
tistical methods (e.g., LASSO regression) were employed 
to further confirm the study findings. The present study 
has characterized age-related blood pressure changes from 
youth throughout middle age in individuals with childhood-
onset type 1 diabetes: DBP had an earlier decline since late 
30s, leading to an earlier rise of PP. In addition, our findings 
suggest an accelerated vascular aging process in type 1 dia-
betes, which was shown to be linked to the increased cardio-
vascular risk at younger age in this patient population.

Several limitations of the current work should also be 
noted. Our sample consisted primarily of white type 1 di-
abetes individuals and therefore may not be representative 
of other ethnic or racial groups. The cohort was relatively 
young at study entry, which allowed us to observe a long 
disease course of type 1 diabetes. However, some types of 
outcome events, such as stroke and cause-specific mortality, 
were relatively rare even at the 25-year follow-up, which 
have limited our ability to fully evaluate different classes of 
cardiovascular outcomes.

In a group of individuals with childhood-onset type 1 dia-
betes with over 25 years follow-up, we observed that an early 
fall of DBP beginning from late 30s, leads to an early rise of 
PP. Although PP is less effective for risk prediction in CAD 

in the entire cohort, its prognostic significance may improve 
and become comparable to SBP in those aged 35  years or 
more or those under poor glycemic control, reflecting an 
early onset of glycation-induced vascular stiffening in type 
1 diabetes. PP may be necessary to incorporate into the clin-
ical evaluation in type 1 diabetes, especially in those over 
35 years old and/or in poor glycemic control.

SUPPLEMENTARY MATERIAL

Supplementary data are available at American Journal of 
Hypertension online.
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Table 3.  Baseline risk factors selection for the prediction of CAD using LASSO–Cox regression model

Risk factors β coefficient

 Overall Subset age < 35 years Subset age ≥ 35 years Subset HbA1c < 9% Subset HbA1c ≥ 9%

SBP 0.168**   0.033 0.081

DBP      

PP   0.247*  0.128

MAP  0.153  0.147  

Age 0.717** 0.526**  0.588** 0.801**

Age of diabetes onset −0.192** −0.177** −0.172 −0.207** −0.151

Female      

Ever smoking 0.137 0.073 0.219* 0.075 0.192

BMI 0.024 0.108    

Pulse rate      

HbA1c      

Urinary AER 0.197 0.191* 0.075 0.212* 0.155

HDL cholesterol −0.134*  −0.388** −0.085 −0.125

Non-HDL cholesterol 0.208** 0.230**  0.214* 0.167

WBC 0.090 0.082 0.030 0.066 0.094

Antihypertensive use 0.098 0.078 0.107 0.042 0.179

Inference with fixed lambda (optimal lambda based on 10-fold cross-validation). Abbreviations: AER, urinary albumin excretion rate; BMI, 
body mass index; CAD, coronary artery disease; DBP, diastolic blood pressure; HbA1c, hemoglobin A1c; HDL, high-density lipoprotein; LASSO, 
least absolute shrinkage and selection operator; MAP, mean artery pressure; PP, pulse pressure; SBP, systolic blood pressure; WBC, white 
blood cell counts.

*P < 0.05, **P <0.01.
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