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ABSTRACT　
 
BACKGROUND　  The cardiovascular hazards of total homocysteine (tHcy) are long known. In addition, despite the acknow-
ledgment on the importance of low ankle-brachial index (ABI) (< 0.9), borderline ABI (0.91-0.99) was once commonly overlooked.
This study aims to explore the independent and joint effect of tHcy level and borderline ABI on all-cause death in hypertensive
population.
 
METHODS　This study included 10,538 participants from China H-type Hypertension Registry Study. ABI was described into
two groups: normal ABI (1.00-1.40) and borderline ABI. tHcy level was also divided into two groups: < 15.02 and ≥ 15.02 μmo/L.
Four groups were analyzed, using COX proportional hazard regression model, separately and pairwise to observe the independ-
ent and joint effect on all-cause death.
 
RESULTS　  A total of 126 (1.2%) deaths were observed in the 1.7 years follow-up time. Borderline ABI has a higher predicted
risk of death than normal ABI (HR = 1.87, 95%CI: 1.17-3.00) after adjusting for potential covariates. Compare with tHcy level <
15.02 μmo/L (low tHcy), those with tHcy ≥ 15.02 μmo/L (high tHcy) had higher risk to event outcome (HR = 1.99, 95% CI: 1.30-
3.05). According to the cumulative hazard curve, group with borderline ABI and high tHcy level has significantly higher altitude
and larger increasing rate over follow-up period compare to other groups. Among those with borderline ABI, participants with
high tHcy had higher death risk than those with low tHcy, nevertheless, no significant different between borderline and normal
ABI among those with low tHcy levels.
 
CONCLUSIONS　  Borderline  ABI  and  tHcy  level  both  have  independent  predictive  value  on  all-cause  death.  The  combined
group of borderline ABI and high tHcy has highest risk factor of outcomes, which suggested the mutual additive value of border-
line ABI  and tHcy.  More attention should be given to  the importance of  borderline ABI  in  hypertensive population,  especially
with elevated tHcy level.

 

 

H omocysteine (Hcy) is a sulfur-contain-
ing, non-proteinogenic amino acid syn-
thesized through the transmethylation

of amino acid methionine from one-carbon metabol-
ism. Elevated plasma total homocysteine (tHcy)
level is associated with endothelial dysfunction, in-

creased blood coagulation, and metabolic disturb-
ance, promoting cardiovascular diseases, stroke,
and coronary artery disease.[1,2] Notably, patients
with high Hcy levels and concomitant hyperten-
sion were suggested to be at particularly higher
risk.[3] Moreover, increasing studies have explored a
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positive association between advanced Hcy level
with all-cause mortality. According to a recent dose-
response meta-analysis, for each 5-μmol/L incre-
ment of tHcy levels, the risk for all-cause mortality
increased by 33.6%.[4]

The ankle-brachial index (ABI) is an effective,
well-established measure that is commonly used in
the diagnosis of peripheral artery disease (PAD),[5]

meanwhile was well studied as an important indic-
ator of atherosclerosis and CVD events.[6] Although
ankle-brachial index (ABI) ≤ 0.90 has been recog-
nized as the threshold value for abnormal/low ABI,
which was proven to increase the risk of all-cause
mortality,[7] a study from the American Heart Asso-
ciation has suggested ABI between 0.91 and 1.00
should be considered as “borderline area” in terms
of cardiovascular risks,[8] considering of prior prob-
ability and sensitivity of ABI calculation. Emerging
studies have aimed to explore the predictive value
of borderline ABI,[9−11] however, controversy re-
mains because of limited and inconsistent data.

The current study aimed to explore the individual
and joint effect of borderline ABI and tHcy on all-
cause mortality among hypertensive adults. Al-
though ABI level ≤ 0.90 has been and is going to re-
main significant in clinical practice, we believe
broader concern should be placed on borderline
ABI, especially for its value in risk differentiation
and identification. To the best of our knowledge,
there are no similar previous studies. 

METHODS
All data were obtained from the China H-type

Hypertension Registry Study (Registration number:
ChiCTR1800017274), which have been thoroughly
reported before.[12] Briefly, current cohort study was
conducted from March 2018 in Wuyuan, Jiangxi, China,
where livelihoods were mostly depend on agricul-
ture.[13] With the primary target of establishing a na-
tional registry for hypertensive population, the China
H-type Hypertension Registry Study investigated
and assessed hypertension treatment and related
risk factors. This study was conducted in accordance
with the Declaration of Helsinki and the study pro-
tocol was approved by the Ethics Committee of In-
stitute of Biomedicine, Anhui Medical University.
Written informed consent were provided by all par-
ticipants.

A total of 10,923 hypertensive participants who
received ABI measurement were recruited. Six par-
ticipants were excluded due to missing tHcy data;
PAD patients who with prior history of revascular-
ization were strictly excluded in this study. Three
hundred and thirty-seven were excluded with bas-
eline ABI ≤ 0.9 or >1.4, and six were lost during the
1.7 years follow-up period. In the end, 10,538 eligi-
ble participants were included in the final analysis. 

ABI Collection
ABI is defined as the ratio of systolic blood pres-

sure of the ankle artery to the upper brachial artery.
Before collection, all participants were required to
rest quietly for at least 10 min in a warm and suitable
environment with ankle-brachial region fully ex-
posed. Then, ABI was collected using Omron Colin
BP-203RPE III device (Omron Health Care, Kyoto,
Japan) by trained technicians. Bilateral ankle and
upper arm blood pressure were simultaneously mea-
sured. The build-in program in the device will cal-
culate ABI on both sides. Lower ABI was recorded
and used in the final analysis.[14]
 

tHcy and Covariates Collection

Fast venous blood samples were collected from
all participants and were analyzed in Biaojia Bio-
technology Laboratory in Shenzhen, China, using
automatic clinical analyzers (Beckman Coulter, Be-
ra, California). The whole collection process was
within 30 min of time. Data including total choles-
terol, triglycerides, high-density lipoprotein (HDL),
serum creatinine, fasting blood glucose (FBG) and
tHcy were analyzed and recorded. All laboratory
examinations were blinded to participation in this
study.

Epidemiological and demographic data includ-
ing smoking status, alcohol consumption, labor in-
tensity, medication and medical history were ob-
tained through a standardized questionnaire. Dia-
betes mellitus was defined accordingly: (1) self-re-
ported history of diabetes mellitus; (2) FBG ≥ 7.1
mmol/L; and (3) usage of hypoglycemic drugs.
Blood pressure was measured three times after at
least 10 min of resting, and calculated mean value
was recorded as analysis BP. 

Outcome Assessment

The primary outcome of this study is all-cause
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death. Death event and its specific inducement were
recognized through the local death and disease re-
gistries of the National Disease Surveillance Point
System and National Health Insurance System. The
cause of death was further investigated by an inde-
pendent Endpoint Events Review Committee using
the last hospital medical records. 

Statistical Analysis

ABI was described according to different level as
borderline (0.91-0.99) and normal (1.0-1.4). tHcy
level was divided into two groups: < 15.02 μmol/L
and ≥ 15.02 μmol/L. Categorical variables were
presented as frequencies (percentage), and continu-
ous variables were described as mean ± SD. Com-
parison of data characteristics was performed by
the chi-square test for categorical variables and 2-
tailed t-test for continuous variables. The effects of
borderline ABI and tHcy levels on primary outcome
were evaluated using Kaplan–Meier curves (log-rank
test) and Cox proportional hazards models (haz-
ards ratio [HR] and 95% confidence interval [CI])
with adjustment for major covariables including
sex, age, body mass index, systolic blood pressure,
diastolic blood pressure, smoking status, alcohol
consumption, triglyceride, total cholesterol, HDL,
serum creatinine, diabetes mellitus, self-reported
stroke, self-reported coronary heart disease (CHD),
use of antihypertensive drugs and antiplatelet
agents.

All data were analyzed using Empower (ER)
(www.empowerstats.com; X&Y Solutions, Inc., Bo-
ston, MA) and the statistical package R (http://www.
r-project.org). A two-tailed P < 0.05 denoted statist-
ical significance. 

RESULTS
 

Population Characteristics

A total of 10,538 hypertensive population were
analyzed, among which, 4,930 population were
male (46.8%), with mean age of 63.6 ± 9.1 years. The
baseline tHcy was 17.8 ± 10.8 μmol/L, and mean
ABI was 1.1 ± 0.1. Population characteristics strati-
fied by ABI and tHcy level were shown in Table 1.
Compared with normal ABI (1.0-1.4), participants
with borderline ABI (0.91-0.99) were more likely to

be female and elderly, with higher systolic blood
pressure, tHcy, total cholesterol, and lower propor-
tion of current smoke and alcohol consumption. No
significant differences were observed in body mass
index, fasting glucose, triglycerides, serum creatin-
ine, and complications (diabetes mellitus, self-re-
ported stroke and CHD) (Table 1).

Compared with low tHcy (< 15.02 μmol/L), parti-
cipants with high tHcy levels (≥ 15.02 μmol/L) had
higher baseline total cholesterol, serum creatinine
level, proportion of current smoking, alcohol consu-
mption, the prevalence of self-reported stroke and
CHD, also with lower body mass index.

After a mean time of 1.7 years follow-up, 126 cases
of primary outcome happened (1.2%), which in-
cluded 69 (55%) cardiovascular death. Proportion of
all-cause death was significantly higher in border-
line ABI groups than normal ABI (2.6% vs. 1.1%),
and in tHcy ≥ 15μmol/L groups compared to tHcy <
15.02 μmol/L (1.8% vs. 0.6%). 

The Individual Effect of Borderline ABI and
Homocysteine

Compared with normal ABI, borderline ABI was
associated with higher risk for all-cause death (HR =
1.87, 95% CI: 1.17-3.00; P = 0.009) (Table 2) and car-
diovascular death (HR = 2.00, 95% CI: 1.09-3.66; P =
0.025) (Supplementary Table 1) after adjusting for
sex, age, body mass index, systolic blood pressure,
diastolic blood pressure, smoking status, alcohol
consumption, tHcy, triglyceride, total cholesterol,
HDL, serum creatinine, diabetes mellitus, self-re-
ported stroke, usage of antihypertensive drugs and
antiplatelet agents. High tHcy levels were indepen-
dently associated with elevated risk of all-cause death
(HR = 1.99, 95% CI: 1.30-3.05; P = 0.002) (Table 2)
and cardiovascular death (HR = 3.05, 95% CI: 1.59-
5.86; P < 0.001) (Supplementary Table 1) after adjus-
ted for covariates. 

The Joint Effect of Borderline ABI and Homo-
cysteine

According to Figure 1, we can observe significant
differences existed between four groups (normal
ABI and low tHcy, borderline ABI and low tHcy,
normal ABI and high tHcy, borderline ABI and high
tHcy) (log-rank test P < 0.0001). Highest cumulat-
ive hazard of all-cause death were presented in the
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combined group with borderline ABI and High
tHcy(tHcy ≥ 15.02 μmol/L). Whereas the combined
group with normal ABI and tHcy < 15.02 μmol/L
has the lowest risk. Similar pattern was observed
for cardiovascular death (Supplementary Figure 1).

Among those with borderline ABI, participants
with high tHcy had higher death risk than those
with low tHcy. However, no significant differences
in the risk of all-cause death between borderline
ABI and normal ABI were observed among those
with low tHcy levels. Taking the combined group

with normal ABI and low tHcy as reference, the
combined group of borderline ABI and High tHcy
has the highest risk of all-cause death (HR = 3.62,
95% CI: 1.91-6.85; P < 0.001) and cardiovascular
death (HR = 6.07, 95% CI: 2.50-14.76; P < 0.001)
(Table 3, Supplementary Table 2). Multivariate lo-
gistic analysis was performed in participants who
without comorbidities. Participants with borderline
ABI and High tHcy, borderline ABI and low tHcy,
normal ABI and High tHcy were separately com-
pared with normal ABI and low tHcy, respectively,

 

Table 1    The baseline characteristics of stratified ankle-brachial index and total homocysteine (median) levels.

Characteristics Total
Ankle-brachial index

P-value
tHcy, μmol/L

P-value
0.91-0.99 ≥ 1.0, ≤ 1.4 < 15.02 ≥ 15.02

N 10,538     847           9,691 5,261   5277          

Age, yrs   63.6 ± 9.1     64.8 ± 10.2   63.5 ± 9.0   < 0.001     61.6 ± 8.7     65.6 ± 9.1   < 0.001

Male 4930 (46.8%) 324 (38.3%) 4606 (47.5%) < 0.001   1860 (35.4%) 3070 (58.2%) < 0.001

BMI, kg/m2   23.6 ± 3.8     23.4 ± 3.9     23.6 ± 3.8      0.066     23.9 ± 3.6     23.4 ± 4.0   < 0.001

SBP, mmHg 148.3 ± 17.6 149.6 ± 19.6 148.2 ± 17.4    0.023   148.3 ± 16.9 148.3 ± 18.3 0.950

DBP, mmHg   89.2 ± 10.7   88.4 ± 11.6   89.2 ± 10.6    0.033     89.6 ± 10.2   88.7 ± 11.1 < 0.001

Ankle-brachial index     1.1 ± 0.1       1.0 ± 0.0       1.1 ± 0.1   < 0.001       1.1 ± 0.1       1.1 ± 0.1   0.600

Diabetes mellitus 1910 (18.1%) 161 (19.0%) 1749 (18.0%)    0.486   924 (17.6%) 986 (18.7%) 0.135

Self-reported stroke 659 (6.3%) 67 (7.9%) 592 (6.1%)    0.038   254 (4.8%) 405 (7.7%) < 0.001

Self-reported CHD 522 (5.0%) 50 (5.9%) 472 (4.9%)    0.184   236 (4.5%) 286 (5.4%) 0.027

Smoking status    0.012   < 0.001

　Never 6119 (58.1%) 529 (62.5%) 5590 (57.7%) 3531 (67.1%) 2588 (49.0%)

　Former 1695 (16.1%) 111 (13.1%) 1584 (16.3%) 653 (12.4%) 1042 (19.7%)

　Current 2723 (25.8%) 207 (24.4%) 2516 (26.0%) 1076 (20.5%) 1647 (31.2%)

Alcohol consumption < 0.001   < 0.001

　Never 6620 (62.8%) 579 (68.4%) 6041 (62.3%) 3565 (67.8%) 3055 (57.9%)

　Former 1520 (14.4%) 134 (15.8%) 1386 (14.3%) 627 (11.9%) 893 (16.9%)

　Current 2396 (22.7%) 134 (15.8%) 2262 (23.3%) 1068 (20.3%) 1328 (25.2%)

Laboratory results

　Total homocysteine, μmol/L   17.9 ± 10.8   18.8 ± 11.7   17.8 ± 10.7    0.011     12.5 ± 1.5     23.2 ± 13.1 < 0.001

　FBG, mmol/L     6.2 ± 1.6       6.2 ± 1.6       6.2 ± 1.6      0.539       6.2 ± 1.7       6.2 ± 1.5   0.685

　Total cholesterol, mmol/L     5.1 ± 1.1       5.3 ± 1.2       5.1 ± 1.1   < 0.001       5.1 ± 1.1       5.2 ± 1.1   0.014

　Triglyceride, mmol/L     1.8 ± 1.3       1.8 ± 1.2       1.8 ± 1.3      0.504       1.8 ± 1.3       1.8 ± 1.3   0.008

　HDL, mmol/L     1.6 ± 0.4       1.6 ± 0.4       1.6 ± 0.4      0.010       1.6 ± 0.4       1.6 ± 0.5   < 0.001

　Serum creatinine, μmol/L   71.5 ± 45.0   74.4 ± 52.6   71.2 ± 44.3    0.051     59.6 ± 22.4   83.3 ± 57.2 < 0.001

Outcome events

　All-cause death 126 (1.2%) 22 (2.6%) 104 (1.1%) < 0.001   32 (0.6%) 94 (1.8%) < 0.001

　Cardiovascular death 69 (0.7%) 14 (1.7%) 55 (0.6%) < 0.001   12 (0.2%) 57 (1.1%) < 0.001

Values are n (%) or mean ± SD. Diabetes mellitus was defined according to three criteria: (1) self-reported history of diabetes mellitus;
(2) FBG ≥ 7.1 mmol/L; and (3) the use of hypoglycemic drugs. BMI: body mass index; CHD: coronary heart disease; DBP: diastolic
blood pressure; FBG: fasting blood glucose; HDL: high-density lipoprotein; SBP: systolic blood pressure; tHcy: total homocysteine.
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and found that the combined group of borderline
ABI and high tHcy has the highest risk of all-cause de-
ath in participants who without diabetes mellitus
history, stroke, or coronary heart disease (Table 4).
Similar results were found for cardiovascular death
(Supplementary Table 3). 

DISCUSSION

This study observed that both borderline ABI and
tHcy were independently and significantly associ-
ated with increased risk of all-cause mortality, and
that a combination of borderline ABI with high

tHcy level further differentiate risk of all-cause mor-
tality. Current research is, to our knowledge, the first
study that have explored this topic. Our findings, if
further confirmed, have important clinical and pub-
lic health implications.

Increasing studies have determined to explore the
risk stratification ability of borderline ABI (0.91-
0.99),[15−17] however, results have remained contro-
versial. Study from the Shinken Database observed
a positive co-relationship between borderline ABI
and all-cause (HR = 2.27, P = 0.005).[9] In addition,
borderline ABI instead of normal ABI (1.11-1.20)
was observed to better predict risk of major coron-
ary events, all-cause and cardiovascular death in
Ankle-Brachial Index Collaboration’s meta-anal-
ysis.[6] On contrary, in Hisayama Study, with 7.1
years follow-up time, borderline ABI was not found
to be related with risk of cardiovascular events, nor
all-cause death.[18] Our study results showed a posit-
ive association between borderline ABI and all-
cause death. Compared to patients with normal
ABI, borderline ABI population has an 87% in-
creased risk for all-cause mortality in targeted rural
hypertensive population, which agrees with Shingo
Tanka’s study result that borderline ABI is associ-
ated with worse clinical outcomes in high-risk pop-
ulation.[9]

This study not only further validated the inde-

 

Table 2    The individual effect of borderline ABI and total homocysteine levels on all-cause death.

Risk factors N Events
Crude model Adjusted model

HR (95% CI) P-value HR (95% CI) P-value

All-cause death 10,538 126 (1.2%)

Ankle-brachial index

　Continuous, per SD (0.1) decrement 1.26 (0.99-1.59) 0.057 1.26 (1.01-1.57) 0.044

Categories

　Normal: 1.0-1.4 9,691 104 (1.1%) Ref. Ref.

　Borderline: 0.91-0.99 847 22 (2.6%) 2.43 (1.53-3.85) < 0.001 1.87 (1.17-3.00) 0.009

Total homocysteine, μmol/L

　Continuous 1.02 (1.02-1.03) <0.001 1.02 (1.01-1.03) 0.001

Categories (median)

　< 15.02 5250 32 (0.6%) Ref. Ref.

　≥ 15.02 5288 94 (1.8%) 2.95 (1.97-4.40) < 0.001 1.99 (1.30-3.05) 0.002

Data are presented as n (%) unless other indicated. Crude model adjusts for none. Adjusted model adjusts for sex, age, body mass
index,  systolic  and diastolic  blood pressure,  smoking status,  alcohol  consumption,  triglyceride,  total  cholesterol,  high-density
lipoprotein, serum creatinine, diabetes mellitus, self-reported stroke, self-reported coronary heart disease, antihypertensive drugs,
antiplatelet agents. Adjustment of tHcy were needed when analysis ABI. ABI: ankle-brachial index; HR: hazard ratio; tHcy: total
homocysteine.

 

Figure  1      Kaplan–Meier  curves  of  cumulative  hazards  of  all-
cause  death  by  ABI  (borderline  ABI  versus  normal  ABI)  and
total  homocysteine(median)  levels  (<  15.02  μmo/L vs.  ≥  15.02
μmo/L). ABI: ankle-brachial index.
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pendent predictive ability of tHcy level for all-cause
mortality, which coincide with a large number of
previous studies,[19−22] but also explored the value of
risk stratification of tHcy level. While tHcy ≥ 10
μmol/L was believed to increases cardiovascular
events and a series of pathological danger,[23] and
tHcy > 15 μmol/L is the recommended standard of
diagnosis. The median number 15.02 μmol/L was
used as threshold value to observe the joint effect of
borderline ABI and tHcy level. Highest risk for all-
cause death was observed in group with borderline
ABI and high tHcy levels (tHcy ≥ 15.02 μmol/L)
compared to group with borderline ABI and low
tHcy levels. Thus, we speculate that there might be
a potential synergetic effect of borderline ABI and

high tHcy levels on risk of all-cause mortality. Des-
pite both borderline ABI and normal ABI with high
tHcy levels are statistical correlated to event out-
comes, the hazard ratio curve demonstrated the dif-
ferences. As shown in Figure 1, the cumulative haz-
ard of group with borderline ABI and tHcy level ≥
15.02 μmol/L was significantly higher than other
three groups with larger increasing rate over exten-
ded follow-up time. When both statistical related to
all-cause death, group with normal ABI and high
tHcy has much lower cumulative hazard and haz-
ard ratio than borderline ABI and high tHcy group.
Moreover, in spite of the fact that the group with
borderline ABI and low tHcy level was not statistic-
ally correlated to the event outcome, this group ob-

 

Table 3    Joint effects of borderline ABI and total homocysteine (median, 15.02 μmol/L) levels on all-cause death.

Combined groups
ABI group N All-cause death, n (%)

Crude model Adjusted Model

Total homocysteine, μmol/L HR (95% CI) P value HR (95% CI) P value

< 15.02
Normal 4888 27 (0.6%) Ref. Ref.

Borderline 373 5 (1.3%) 2.43 (0.94-6.32) 0.068 2.17 (0.83-5.66) 0.113

≥ 15.02
Normal 4803 77 (1.6%) 2.92 (1.88-4.53) <0.001 2.03 (1.28-3.21) 0.003

Borderline 474 17 (3.6%) 6.56 (3.58-12.03) < 0.001 3.62 (1.91-6.85) < 0.001

Data are presented as n (%) unless other indicated. Crude model adjusts for none. Adjusted model adjusts for sex, age, body mass
index,  systolic  and diastolic  blood pressure,  smoking status,  alcohol  consumption,  triglyceride,  total  cholesterol,  high-density
lipoprotein, serum creatinine, diabetes mellitus, self-reported stroke, self-reported coronary heart disease, antihypertensive drugs,
antiplatelet agents. ABI: ankle-brachial index; HR: hazard ratio.

 

Table 4    Joint effects of borderline ABI and total homocysteine (median, 15.02 μmol/L) levels in different subgroups.

Subgroup Combined groups n (%) HR (95% CI) P-value

Without diabetes mellitusa Hcy < 15.02 μmol/L, normal ABI 23 (0.6%) Ref. 　

(n = 8,628) Hcy < 15.02 μmol/L, borderline ABI 4 (1.3%) 2.17 (0.75-6.32) 0.154

Hcy ≥ 15.02 μmol/L, normal ABI 63 (1.6%) 1.87 (1.13-3.10) 0.015

Hcy ≥ 15.02 μmol/L, borderline ABI 11 (2.9%) 2.66 (1.25-5.65) 0.011

Without strokeb Hcy < 15.02 μmol/L, normal ABI 26 (0.6%) Ref.

(n = 9,879) Hcy < 15.02 μmol/L, borderline ABI 4 (1.1%) 1.87 (0.65-5.37) 0.247

Hcy ≥ 15.02 μmol/L, normal ABI 70 (1.6%) 1.99 (1.24-3.20) 0.004

Hcy ≥ 15.02 μmol/L, borderline ABI 16 (3.7%) 3.66 (1.90-7.06) <0.001

Without coronary heart diseasec Hcy < 15.02 μmol/L, normal ABI 25 (0.5%) Ref.

(n = 10,016) Hcy < 15.02 μmol/L, borderline ABI 5 (1.4%) 2.47 (0.94-6.49) 0.066

Hcy ≥ 15.02 μmol/L, normal ABI 70 (1.5%) 2.01 (1.24-3.25) 0.004

　 Hcy ≥ 15.02 μmol/L, borderline ABI 15 (3.3%) 3.60 (1.84-7.03) <0.001

aAdjusted for sex, age, body mass index, systolic and diastolic blood pressure, smoking status, alcohol consumption, triglyceride, total
cholesterol, high-density lipoprotein, serum creatinine, self-reported stroke, self-reported coronary heart disease, antihypertensive
drugs, antiplatelet agents. bAdjusted for sex, age, body mass index, systolic and diastolic blood pressure, smoking status, alcohol
consumption, triglyceride, total cholesterol, high-density lipoprotein, serum creatinine, diabetes mellitus, self-reported coronary heart
disease, antihypertensive drugs, antiplatelet agents. cAdjusted for sex, age, body mass index, systolic and diastolic blood pressure,
smoking status, alcohol consumption, triglyceride, total cholesterol, high-density lipoprotein, serum creatinine, diabetes mellitus, self-
reported stroke, antihypertensive drugs, antiplatelet agents. ABI: ankle-brachial index; Hcy: homocysteine, HR: hazard ratio.
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tained very close hazards ratio and cumulative haz-
ard with the normal ABI and High tHcy group. In
this case, even with low tHcy, borderline ABI worth
substantial attention since the unfavorable perform-
ance might be caused by relatively short follow-up
time and small sample size. Our study’s result high-
lighted the practical differences between borderline
ABI and normal ABI, meanwhile emphasized the
importance of a combination of borderline ABI and
high tHcy level. Underlying mechanisms behind
still requires further research.

Borderline ABI has been validated to be associ-
ated with endothelial dysfunction,[24] which is the
hallmark of a variety of CVD associated pathology.[25]

Studies have also shown that the elevated tHcy le-
vel is a critical initiating event of endothelial dys-
function induced diseases.[26,27] Moreover, hyper-
homocycteinemia (HHcy) and ABI were suggested
to be associated with mitochondrial (MT) dysfunc-
tion, vascular dysfunction, and vessel wall inflam-
mation.[6,28−30] Furthermore, elevated of tHcy level
can induce oxidant stress and subsequently in-
creases glycation and products (AGEs), contribut-
ing to alterations of collagen contents, extracellular
matrix of the vessel walls. Intravascular image in
the collagen content might add on the underlying
mechanisms of the efficacy of borderline ABI and
advanced tHcy level in this study.[31] In the further
consideration of the close correlation of ABI and
tHcy level with PAD,[32−35] the association between
population with borderline ABI and high tHcy level
with higher risk for all-cause death is physiologic-
ally persuasive. More importantly, current study
emphasized the importance of concept “borderline
ABI”, which was often overlooked, and observed
the additive value of tHcy in borderline ABI. Broad-
er concerns are needed for patients with borderline
ABI, especially when elevated tHcy is observed.

Some potential concerns are worth mentioning.
First, despite the huge sample size, this study is a
single center study that conducted among only hy-
pertensive population. Further study should be
done using more diverse database. In addition, while
this study provided an insight of borderline ABI
and tHcy level, result might be slightly interfered
consider the significantly strong indication capacity
of elevated tHcy. To further explore the importance
of borderline ABI, more risk factors should be con-

sidered. Last but not least, the 1.7 year of follow-up
time is relatively short to observe major breakthr-
ough but with the consideration of the positive in-
dependent and joint correlationship discovered, we
have faith to carry on this study and further ex-
plore more knowledge about this field.

In conclusion, both borderline ABI and elevated
tHcy levels were significantly and independently
associated with advanced risk of all-cause mortal-
ity. In addition, a combination of borderline ABI
and high tHcy level helps further differentiate risk
of all-cause mortality among hypertensive popula-
tion. 
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