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1 | INTRODUCTION

| Hulin Piao MD! | Bo LiMD! | Jian XuBD! | Shibo WeiBD! |

Abstract

Hypertension is considered a key risk factor for acute aortic dissection (AAD).
However, there is limited evidence demonstrating if hypertension management af-
fects AAD development. The objective of this study was to investigate the role of hy-
pertension management in AAD development in a Chinese population. A total of 825
AAD patients and 3300 age- and sex-matched controls were included. The authors
analyzed data on demographics, chronic comorbidities, and hypertension manage-
ment of all participants. Multiple logistic regression analysis was used to estimate the
adjusted odds ratios (AOR) and 95% confidence intervals (95% Cl) for the relationship
between chronic comorbidities, as well as the management of hypertension and AAD
risk. After adjusting for other related factors, multivariate logistic regression identi-
fied hypertension, chronic kidney disease, Marfan syndrome, history of cardiovascu-
lar surgery, and history of smoking as risk factors for AAD. Among the identified risk
factors, hypertension was an important and controllable risk factor for AAD devel-
opment. Thus, the authors further evaluated how hypertension management affects
AAD development. A total of 848 controls and 585 AAD patients with hypertension
were enrolled in this part of the study. Hypertensive patients with AAD had a longer
history, higher stage, poorer medication compliance, and poor control rates of blood
pressure, among which poor medication compliance (Irregular vs Regular P < 0.001;
Never treated vs Regular P < 0.001) and uncontrolled hypertension (P < 0.001) sig-
nificantly increased the risk of AAD development. In conclusion, uncontrolled hyper-
tension and poor medication compliance are important precipitating and controllable

factors for AAD development.

Although population awareness and medical compliance for treating

hypertension have improved with time, more effort is still needed

Hypertension, which is observed in 65%-75% of acute aortic dis-
section (AAD) patients,! is considered one of the most important
risk factors for AAD development. Compared to Western countries,
the diagnosis, treatment, and control of hypertension in China have
been much lower and associated with significantly higher mortality.?

to appropriately manage hypertension in underdeveloped coun-
tries.®* As an underdeveloped region of China, many residents in
Jilin province suffer from poorly controlled hypertension due to un-
healthy living habits (high dietary salt and fat intake, as well as high

alcohol and cigarette consumption), lower health awareness, lack
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FIGURE 1 Flowchart of the present study

of medical compliance, and climate variability.>® Poorly controlled
hypertension might be attributed to AAD development.7 However,
according to our research, this generally acknowledged conclusion
has not been validated by population-based evidence. Thus, it re-
mains unknown whether management of hypertension affects AAD
development. The objective of the present study was to investigate
the association between hypertension management and AAD risk in

age- and sex-matched cohorts.

2 | MATERIALS AND METHODS

2.1 | Study design

This was a single-center-based retrospective case-control study.
Acute aortic dissection patients were consecutively enrolled from
the Department of Cardiovascular Surgery in Jilin University be-
tween January 1, 2013, and December 31, 2017. Control patients
were recruited from the hospital's inpatient database by matching

sex, age, and year of admission with a case-control ratio of 1:4.

2.2 | Study population

2.2.1 | AAD patients

Between January 1, 2013, and December 31, 2017, a total of 838

consecutive AAD patients were admitted to the Department of
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Cardiovascular Surgery. After exclusion of patients with AAD due
to trauma or collision (n = 13), 385 patients with type A dissection
and 440 patients with type B dissection were enrolled in this study.
Acute aortic dissection diagnosis was based on both history and ac-
curate imaging findings (at least one of the following imaging find-
ings was used to confirm the AAD diagnosis: computed tomography
angiography, magnetic resonance imaging, or echocardiography).
The definition of type A or B dissection was based on the proximal
involvement of the aorta according to the Stanford Classification.”

All enrolled patients were admitted within 7 days after disease onset.

2.2.2 | Patient follow-up

For AAD patients who survived following discharge, a telephone fol-
low-up was conducted each month within 3 months after discharge
and every 3 months thereafter. The follow-up information included
blood pressure, current medication, recovery from in-hospital com-
plications, and deaths (if any, cause of death and date were recorded).
Since the follow-up data were used to calculate the awareness rate
of hypertension at admission, only blood pressure and current medi-

cation after 1 month of discharge were used.

2.2.3 | Control patients

Control patients were enrolled from the inpatient database of the
Second Hospital of Jilin University during the same period as AAD
patient enrollment. A total of 419 603 patients without AAD were
identified. After matching for sex, age, and year of admission, a total
of 3300 control patients were enrolled in this study (1540 controls
for type A dissection and 1760 controls for type B dissection). In the
first part of our AAD risk factor analysis, a 1:4 case-control cohort
was generated by matching sex, age, and year of admission for type
A and type B dissection, respectively. To analyze the effect of hyper-
tension management on AAD development, patients with hyperten-
sion in the same cohorts were identified and subjected to a second
analysis. The number of enrolled patients and matching procedures

is shown in Figure 1.

2.3 | Definitions of medication compliance

Medication compliance is a complex problem that can be evaluated in
many ways, but currently, there is no “best” measurement strategy.®
We were unable to determine an accurate description of medica-
tion compliance because medication compliance was retrospectively
self-reported by the patients rather than prospectively recorded on
a daily basis. After interviewing several patients in this study, medi-
cation-taking behavior was used to define medication compliance.”
We used “vacant day” to measure the levels of medication-taking be-
havior, which was defined as any missed use of an anti-hypertensive
medicine within a calendar day. Patients were categorized into three
levels of hypertension management according to their self-reported
adherence: (a) patients on regular medication, who had at most one
vacant day within 1 week; (b) patients on irregular medication, who
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had two or more vacant days within 1 week; and (c) patients who
had never been treated, who took no prescribed medication for

hypertension.

2.4 | Diagnosis of hypertension

For AAD patients, the diagnosis of hypertension was made if the
patient was diagnosed as having hypertension by a physician
and had at least 2 records of elevated blood pressure (more than
140/90 mm Hg) before admission, and/or the patient was currently
taking anti-hypertensive medication for blood pressure control.
Acute aortic dissection patients without a hypertension history
when admitted and who survived after discharge were followed up,
and they could be diagnosed as having hypertension according to
the former criteria after at least 1 month during the follow-up pe-
riod. For control patients, hypertension history was based on the
case history in the inpatient database. Hypertension and classifica-
tion of hypertension stages were based on JNC 6.2

2.5 | Data collection

An original questionnaire consisting of demographic, clinical char-
acteristics, chronic comorbidities, and hypertension management
was developed before data collection. The questionnaire inquired
about sex, age, history of smoking, alcohol consumption, Marfan
syndrome, bicuspid aortic valve (BAV), hypertension, diabetes mel-
litus (DM), chronic obstructive pulmonary disease (COPD), chronic
kidney disease (CKD), treatment of hemodialysis, cerebral infarction,
cerebral hemorrhage, coronary artery disease (CAD), connective
tissue disease, liver cirrhosis, length of hypertension history, stage
and control of hypertension, type of anti-hypertensive medications,
medication compliance, and control of blood pressure. Acute aortic
dissection patient data were collected before discharge, and data
for the control patients were collected by retrospectively reviewing
hospital records (demographic and chronic comorbidities) and phone
interviews (management of hypertension). The definition of hyper-
tension and classification of hypertension stages were based on the
JNC 6 guidelines.'® Data forms were simultaneously completed by
two physicians, and any ambiguous or conflicting variables were re-

solved by discussion with another physician.

2.5.1 | Processing of missing variables

There were no missing data for comorbidities. Only patients with
complete data with regards to characteristics of hypertension were
enrolled in analysis. The percentages of missing variables are re-
ported in Table S4.

2.6 | Ethics statement

All patients admitted to the hospital for AAD signed informed
consent, and the study protocol was approved by the Ethics
Committee of the Second Hospital of Jilin University. Demographic

and chronic comorbidities data of control patients in this project
were retrospectively collected from hospital records, and data
from phone interviews were analyzed only after verbal consent
was provided. All data were analyzed anonymously. All aspects of
this study complied with the Declaration of Helsinki of the World
Medical Association.

2.7 | Statistical analysis

Continuous variables or categorical variables are shown as mean
(standard deviation; SD), median (interquartile range; IQR), or
number (percentage; %). Comparisons between groups for con-
tinuous variables were performed using a two-sample t test or
Mann-Whitney U test where appropriate. Categorical variables
were compared using the chi-square test, with or without Yate's
continuity correction, or the Fisher's exact test. A forward-and-
backward stepwise multivariate logistic regression model was fit-
ted with R function “glm” (family = binomial (link = “logit”)) and
“step” (direction = “both”, test = “Chisq”). The model with a mini-
mum Akaike information criterion (AIC) was selected to calculate
the adjusted odds ratios (AOR) and 95% confidence intervals (95%
Cl) of the variables. The significance of AOR was tested by the
Wald chi-square test. Group matching was performed with R func-
tion “matchit” with “Nearest Neighbor Matching” provided by R
package “Matchlt”.*! A two-tailed P-value of <0.05 was considered
statistically significant. All data in this study were analyzed using

R version 3.4.0.1?

3 | RESULTS

3.1 | Common comorbidities and AAD risk

The baseline characteristics of the AAD and the control group
are shown in Table 1. The mean age of the study patients was
55.0 + 12.0 years for both the AAD and control groups. Males
constituted 68.5% of the population in each group. There were
no significant differences in age and sex between the two groups,
indicating that the frequency matching was adequate. Acute aortic
dissection patients had a higher frequency of chronic comorbidi-
ties, including history of smoking, hypertension, Marfan syndrome,
history of cardiac surgery, BAV, and CKD, while control patients
had a higher frequency of a history of diabetes and CAD (Table 1).
Multivariate logistic regression analysis is shown in Table 2, which
revealed that some chronic comorbidities were positively associ-
ated with AAD risk after adjusting for other related factors, in-
cluding hypertension (AOR 6.95, 95% Cl: 5.82-8.32), CKD (AOR
21.24, 95% Cl: 9.67-51.55), Marfan syndrome (AOR 36.18, 95%
Cl: 11.43-159.92), and history of smoking (AOR 1.37, 95% Cl:
1.15-1.63). A negative association was found between AD risk
and diabetes (AOR 0.14, 95% Cl: 0.09-0.21), CAD (AOR 0.35, 95%
Cl: 0.22-0.53), and hemodialysis (AOR 0.09, 95% Cl: 0.02-0.46).
Univariate analysis of logistic regression was performed, and the
results are shown in Table S1.
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Total Type A Type B
Control AD P value Control AD P value Control AD P value
Patients, n 3300 825 1540 385 1760 440
Age, mean 55.0(12.0) 55.0(12.0) 0.98 53.7 (12.0) 53.7(12.0) 0.99 56.1(11.9) 56.1(11.9) 0.99
(SD)
Male, n (%) 2260 (68.5) 565 (68.5) 1 968 (62.9) 242 (62.9) 1 1292 (73.4) 323(73.4) 1
Ever smoker, 1012 (30.7) 314 (38.1) <0.001 459 (29.8) 136 (35.3) 0.042 553(31.4) 178 (40.5) <0.001
n (%)
Alcohol, n (%) 578 (17.5) 145 (17.6) 1 251 (16.3) 60 (15.6) 0.792 327 (18.6) 85 (19.3) 0.774
Hypertension, 1035 (31.4) 592 (71.8) <0.001 464 (30.1) 270 (70.1) <0.001 571 (32.4) 322(73.2) <0.001
n (%)
Diabetes, n (%) 430 (13) 32(3.9) <0.001 193 (12.5) 8(2.1) <0.001 237 (13.5) 24 (5.5) <0.001
Cerebral 223 (6.8) 61 (7.4) 0.569 90 (5.8) 27 (7) 0.46 133 (7.6) 34(7.7) 0.984
infarction,
n (%)
Coronary ar- 206 (6.2) 30(3.6) 0.005 83(5.4) 12(3.1) 0.087 123 (7) 18 (4.1) 0.035
tery disease
Marfan syn- 3(0.1) 17 (2.1) <0.001° 1(0.1) 11 (2.9) <0.001* 2(0.1) 6(1.4) 0.001*
drome, n (%)
History of 10(0.3) 16 (1.9) <0.001 4(0.3) 11 (2.9) <0.001? 6(0.3) 5(1.1) 0.082?
cardiovascu-
lar surgery,
n (%)
BAV, n (%) 0(0) 3(0.3) 0.008" 0(0) 2(0.5)  0.04° 0(0) 1(0.2) 0.2°
Cerebral 37(1.1) 16 (1.9) 0.09 16 (1) 14 (3.6) 0.001 21(1.2) 2(0.5) 0.2712
hemorrhage,
n (%)
CKD, n (%) 16 (0.5) 40 (4.8) <0.001 6(0.4) 27 (7.0) <0.001 10(0.6) 13(3.0) <0.001*
Hemodialysis, 7(0.2) 5(0.6) 0.129° 3(0.2) 2(0.5) 0.5767 4(0.2) 3(0.7) 0.298?
n (%)
COPD, n (%) 39(1.2) 3(0.4) 0.057 18(1.2) 2(0.5) 0.399? 21(1.2) 1(0.2) 0.12°
CTD, n (%) 17 (0.5) 7(0.8) 0.384 10(0.6) 3(0.8) 12 7(0.4) 4(0.9) 0.326°
Liver cirrhosis, 15(0.5) 2(0.2) 0.584° 8(0.5) 1(0.3) 0.802° 7 (0.4) 1(0.2) 0.929%

n (%)

Note: Continuous variables were compared with a two-sample t test. Categorical variables were compared with a chi-square test if no designation

was marked.

Abbreviations: AD, aortic dissection; BAV, bicuspid aortic valve; CKD, chronic kidney disease; CTD, connective tissue disease.

achi-square test with Yate's continuity correction.
bFisher's exact test

3.2 | Management of hypertension and AAD risk

There were 1035 and 592 hypertensive patients in the control
group and AAD group, respectively. After exclusion of patients
with incomplete or unavailable data regarding hypertension
management, 848 control and 585 AAD patients with hyperten-
sion were included in this part of the analysis. The mean ages of
patients in the control and AAD groups were 56.8 + 11.3 and
57.3 £ 12.0 years (P = 0.379), respectively, with males accounting
for 56.8% and 57.3% (P = 0.125) of the study group, respectively.
The length of hypertension history was longer in AAD patients
compared to controls (10 [5-12] vs 8 [4-10], P < 0.001; Table 3). The

percentages of patients at stage 1, stage 2, and stage 3 hyperten-
sion were 9.4%, 25.7%, and 64.9% in the control group, and 6.8%,
20.9%, and 72.1% in the AAD group, respectively. Wilcoxon rank
test analysis showed a significant difference in the stage of hyper-
tension between the control and AAD group (P < 0.001). There
were more patients with stage 3 hypertension in the AAD group
compared to the control group (64.9% vs 72.1%, P = 0.004; Table
S3). Patients with stage 3 hypertension had an increased risk of
AAD (AOR 1.33, 95% Cl: 1.01-1.75, P = 0.045) compared to those
at stage 2. However, compared to stage 1, stage 2 did not sig-
nificantly increase the risk of AAD (AOR 1.07, 95% Cl: 0.68-1.72,
P =0.762; Table 4).
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TABLE 2 Multivariate logistic regression analysis of chronic comorbidities as risk factors of AAD patients after adjustment for other
factors

Total Type A Type B
AOR 95% Cl P value AOR 95% Cl P value AOR 95% Cl P value
Hypertension 6.95 5.82-8.32 <0.001 6.87 5.29-8.98 <0.001 7.04 5.53-9.01 <0.001
Diabetes 0.14 0.09-0.21 <0.001 0.07 0.03-0.14 <0.001 0.21 0.13-0.32 <0.001
CKD 21.24 9.67-51.55 <0.001 52.11 15.39-259.29 <0.001 8.76 2.83-29.36 <0.001
Marfan 36.18 11.43-159.92 <0.001 65.97 11.35-1253.54 <0.001 22.53 4.89-157.99 <0.001
syndrome
Cardiovascular 8.34 3.39-21.51 <0.001 18.88 5.14-85.7 <0.001 3.99 1.0-15.6 0.045
surgery
Coronary artery  0.35 0.22-0.53 <0.001 0.38 0.18-0.73 0.06 8.76 0.18-0.58 <0.001
disease
Hemodialysis 0.09 0.02-0.46 0.004 0.03 0-0.52 0.012 0.19 0.02-1.66 0.134
Cerebral NI 2.88 1.22-6.83 0.015 0.23 0.04-0.84 0.055
hemorrhage
Ever smoker 1.37 1.15-1.63 <0.001 1.37 1.04-1.79 0.024 14 1.10-1.77 0.005
COPD 0.36 0.09-1.07 0.105 NI 0.2 0.01-1.02 0.123

Note: A bidirectional eliminated stepwise multivariate logistic regression model was fitted with R function “glm,” model with the minimum Akaike
information criterion (AIC) was used to calculate the adjusted OR (AOR) and 95% Cl, and coefficient of variables was tested by Wald chi-square test.
Abbreviations: CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; NI, not included in the model.

TABLE 3 Management of hypertension in AAD and control patients

Total Type A Type B
Control AAD P value Control AAD P value Control AAD P value
Patients 848 585 388 265 460 320
Male, n (%) 578 (68.2) 376 (64.3) 0.125 261 (67.3) 171 (64.5) 0.468 317 (68.9) 205 (64.1) 0.157
Age, mean (SD) 56.8 (11.3) 57.3(12.0) 0.379 57.1(11.2) 57.4(12.5) 0.748 56.6(11.) 57.3(11.7) 0.365
Year of history, 8 (4-10) 10 (5-12) <0.001 8 (4-10) 10 (5-12) 0.015 8(4-10) 10 (5-12) 0.014
median (IQR)
Stage of hypertension*
Stage 1 80 (9.4) 40 (6.8) 40 (10.3) 19 (7.2) 40 (8.7) 21 (6.6)
Stage 2 218 (25.7) 122 (20.9) 95 (24.5) 52 (19.6) 123 (26.7) 71(22.2)
Stage 3 550 (64.9)  422(72.1)° <0.001°  253(65.2)  194(73.2°  0.028° 297 (64.6) 228 (71.3) 0.048"
Management of hypertension
Regular treated 598 (70.5) 278 (47.5) 279 (71.9) 126 (47.5)° 319 (69.3) 152 (47.5)*
Irregular 179 (21.1) 231 (39.4) 79 (20.4) 103 (38.9)* 100(21.7) 128 (40)*
treated
Never treated 71(8.4) 76 (13.0°  <0.001° 30(7.7) 36(13.60*  <0.001° 41 (8.9) 40 (12.5) <0.001°
Uncontrolled 393 (46.3) 422 (72.1) <0.001 179 (46.1) 194 (73.2) <0.001 214 (46.5) 228(71.3) <0.001

hypertension

Note: Continuous variables were compared with a two-sample t test or Wilcoxon signed-rank test. Categorical variables were compared with the chi-
square test. The ordinal categorical variable was compared with the Kruskal-Wallis test. Wilcoxon signed-rank test was used if a difference between
groups was observed. Uncontrolled hypertension, hypertensive patients with uncontrolled blood pressure (SBP > 140 mm Hg or DBP = 90 mm Hg).
*The stage of hypertension was based on JNC6.

2P < 0.05 comparing with the control group, for exact P value, please refer to Table S3.

PWilcoxon signed-rank test.

To analyze medication compliance, patients were subjected to adjusting for other factors, we found that patients who had never
three levels of medication compliance, which included patients on been treated and who were taking irregular medication had an in-

regular medication, irregular medication, and never treated. After creased risk of AAD compared to those who took regular medication
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TABLE 4 Multivariate logistic regression analysis of hypertension management as risk factors of AAD patients after adjusting for other

factors
Total Type A Type B
AOR 95% Cl P value AOR 95% Cl P value AOR 95% Cl P value
Male sex 0.81 0.64-1.03 0.083 NI 0.75 0.55-1.04 0.083
Years of history, per  1.02 1.01-1.04 0.001 1.08 1.0-1.05 0.017 1.08 1.01-1.05 0.006
year
Stage of hypertension
Stage 2 vs Stage 1.07 0.68-1.72 0.762 NI NI
1
Stage 3 vs Stage 1.42 0.94-2.20 0.103 NI NI
1
Stage 3 vs Stage 1.33 1.01-1.75 0.045 NI NI
2
Management of hypertension
Irregular vs 2.44 1.89-3.14 <0.001 2.56 1.76-3.74 <0.001 2.38 1.69-3.36 <0.001
Regular
Never treat vs 2.16 1.49-3.13 <0.001 2.40 1.39-4.17 0.002 1.85 1.13-3.05 0.015
Regular
Never treat vs 0.89 0.60-1.31 0.542 0.94 0.52-1.68 0.823 0.78 0.46-1.31 0.348
Irregular
Uncontrolled 2.63 2.09-3.34 <0.001 2.80 1.98-3.97 <0.001 2.53 1.84-3.48 <0.001

hypertension

Note: A bidirectional eliminated stepwise multivariate logistic regression model fitted with R function “glm,” model with the minimum Akaike informa-
tion criterion (AIC) was used to calculate the adjusted OR (AOR) and 95% Cl, and coefficient of variables was tested by Wald chi-square test. The
stage of hypertension was classified according to JNC 6. Uncontrolled hypertension means systolic blood pressure 2140 mm Hg and diastolic blood

pressure 290 mm Hg; NI, not included in the model.

(irregular vs regular: AOR 2.44, 95% Cl: 1.89-3.14, P < 0.001; never
treated vs regular: AOR 2.16, 95% Cl: 1.49-3.13, P < 0.001), while
the risk of AAD in the patients who had never been treated and who
were taking irregular medication was comparable (AOR 0.89, 95%
Cl: 0.6-1.31, P = 0.542). Uncontrolled hypertension (AOR 2.63, 95%
Cl: 2.09-3.34) was also associated with an increased risk of AAD.
These differences remained significant in both type A and type B
dissection subgroup analyses. The results of the univariate analysis
of logistic regression are shown in Table S2. The incidence of hyper-
tension was re-estimated after discharge (Table 5). In AAD patients
without hypertension history, 25/115 (21.7%) and 53/118 (44.9%)
could be diagnosed as having hypertension, contributing to an in-
cidence of hypertension of 91.5% and 87.0% for type A and type B
aortic dissection, respectively.

4 | DISCUSSION

Clinical comorbidities, such as Marfan syndrome, BAV, Turner syn-
drome, and hypertension, have been considered risk factors for AAD
for decades. Consistent with previous evidence, we also confirmed
some of these risk factors in our study. Clinical comorbidities attrib-
uted to genetic disorders only occurred in a small number of AAD
patients, for whom there was a lack of effective intervention. In con-

trast, the prevalence (approximately 65%-75%) of hypertension was

TABLE 5 Awareness rate of hypertension in AAD patients

Total Type A Type B

Patients, n 825 385 440

Known hypertension, 592 (71.8) 270 (70.1) 322 (73.2)
n (%)

Unknown hyperten- 233(28.2) 115 (29.9) 118 (26.8)
sion, n (%)

Newly diagnosed 78 (33.5) 25(21.7) 53 (44.9)
hypertension, n (%)

Total hypertensive 670(81.2) 295 (76.6) 370(85.2)
patients, n (%)

Awareness rate, % 88.4 91.5 87.0

Note: Awareness rate = (patients with known hypertension history/total
hypertensive patients) x 100%

significantly higher in AAD patients.! Furthermore, hypertension
could be controlled by adequate anti-hypertensive therapy in most
cases. Therefore, hypertension appears to be the most important
controllable factor in AAD development.

The primary hemodynamic mechanisms underlying AAD are in-
creased wall stress and wall weakness. These two factors contrib-
ute differently in hypertensive patients compared to patients with
structural morbidities, such as Marfan syndrome.’® In the setting

of hypertension, elevated aortic pressure was the primary cause
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of increased wall stress. Although elevated blood pressure was not
considered the only factor, hypertension was indeed the main fa-
cilitator of increased AAD risk. Incidence of aortic dissection and/
or rupture significantly correlated with aortic diameter and age in
patients with a moderately dilated ascending aorta.’* Hypertension
was associated with an increase in aortic stiffness and aortic root
size, and most notably with the size of the supra-aortic ridge and
proximal ascending aorta.!>!® Furthermore, hypertension-related
atherosclerosis may play a role in AAD development. Agmon et al’
found that hypertension was independently associated with aortic
atherosclerosis, especially complex aortic atherosclerosis with pro-
truding plagues >4 mm in thickness, mobile debris, or ulceration.
Advanced atherosclerosis that causes inflammation, destruction,
and calcification of the aortic wall may result in decreased aortic
elasticity and increased hemodynamic stress, thus leading to AD.®
In clinical practice, Marfan patients with elevated blood pressure
are usually at higher risk of aortic dilatation and progression to AD.
However, the rate of dilation can be decreased by anti-hyperten-
sive therapy.'”?° These observations suggest that reasonable blood
pressure control may delay the progression or reduce the incidence
of AAD. Indeed, in the present study, we found that patients with
uncontrolled hypertension had an increased risk of AAD.

Although population awareness and medical compliance of hy-
pertension have improved with time, there are still challenges in im-
proving hypertension management in underdeveloped countries.®*
Jilin province is located in northeast China, which is an underde-
veloped area with climate variabilities. The climate in Jilin province
is cold and dry in the winter, and hot and rainy in the summer. The
fluctuations in temperature during seasonal changes might contrib-
ute to cardiovascular disease. In addition, patients in Jilin usually have
limited health awareness and unhealthy living habits. Many patients
eat high-salt and fat-containing foods and do not attend regular
physical examinations. Thus, the role of hypertension management
in AAD development may be affected by geography. Our study re-
vealed several characteristics of hypertension management in AAD
patients in Jilin province. First, the incidence of hypertension in AAD
patients might be underestimated if only self-reported hypertension
history is considered. We found that the incidence of hypertension
prevalence was 70.1% for type A and 73.2% for type B dissection.
However, in patients admitted for AAD without a known hyperten-
sion history, 25 (21.7%) of type A and 53 (44.9%) of type B patients
were diagnosed with hypertension after hospitalization, increasing
hypertension prevalence to 76.6% for type A and 85% for type B pa-
tients. Therefore, the actual prevalence of hypertension in type A and
type B dissection was 91.5% and 87.0%, respectively. The awareness
rate of hypertension was 88.4% in AAD patients. Secondly, we found
that hypertensive patients with AAD tended to have a higher clas-
sification, longer history, and poorer control rates of hypertension,
which suggest that the impact of hypertension on AAD development
may be persistent, progressive, and eventually increase without man-
agement. The control rates of hypertension in the control and AAD
groups were 54% and 28%, respectively, according to our results.
However, both rates were higher than those reported in the general

Chinese population (18%-30%).2* This might be due to differences
in inclusion criteria between studies. Thirdly, our results suggest that
hypertensive patients with AAD had poor medication adherence and
blood pressure control, both of which were associated with AAD risk.
It is reasonable to conclude that good medication compliance may
contribute to effective blood pressure control. However, the correla-
tion between medication compliance and blood pressure control was
0.233 (P < 0.001), 0.209 (P < 0.001), and 0.253 (P < 0.001) in our
total cohort, type A dissection, and type B dissection, respectively,
which indicates that regular medication itself cannot guarantee op-
timal blood pressure control. Actually, blood pressure control with
anti-hypertensive therapy is a complicated process and may be im-
pacted by multiple factors such as eating habits, emotional health,
and individual differences in pharmacokinetics. This may explain
why the correlation coefficient between medication compliance and
blood pressure control was only approximately 0.2 in our study. It is
also interesting that good medication compliance, regardless of blood
pressure control, decreased the risk of AAD. No interaction was
found between medication compliance and blood pressure control
(data not shown). This might be because patients with good medica-
tion compliance live healthier lives and have more health awareness,
or because irregular medication impacts the stability of the plasma
concentrations of anti-hypertensive drugs that cause blood pressure
fluctuation. However, we should point out that blood pressure con-
trol in our study was self-reported by patients and not prospectively
recorded. Thus, further research is needed to investigate the rela-
tionship between blood pressure control and medication compliance.

In our study, we also found that CKD was associated with in-
creased AAD risk. There are several case reports stating that CKD
patients developed AAD. Kidney failure was reported to complicate
type B dissection,?! and the occurrence of kidney failure reciprocally
correlated with the presence of AAD and AA.??>2 Previous stud-
ies also found that patients with CKD, such as autosomal dominant
polycystic kidney disease, had a significantly higher risk of devel-
oping AAD compared to the general population.?* Our study is the
first to reveal a statistical positive relationship between CKD and
AAD risk. However, for those severe CKD patients who required he-
modialysis, we observed an opposite effect. Some individual cases
had anincreased incidence of AAD following dialysis.25’26 This might
be due to the “survivor bias.” Severe CKD patients on hemodialysis
might not survive and therefore never be admitted to the hospital,
or they might forego treatment due to economic issues or premature
death, thus reducing the risk of AAD associated with hemodialysis
observed in our study. It will be of great interest to clarify this issue

through a large cohort study in the future.

4.1 | Study limitations

This was a retrospective case-control study. Information on hy-
pertension management in the control group was collected via tel-
ephone interviews during patient follow-up, and some information
was provided by individuals other than the patients themselves, such
as relatives. Furthermore, we were not able to contact some patients
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due to lack of correct contact information. Thus, our data might be
incomplete or inaccurate. For anti-hypertensive therapy, a detailed
classification of medication was initially designed; however, this part
of our data was incomplete and this design was not implemented.
In addition, information regarding medication compliance was col-
lected retrospectively through patient self-reporting. Therefore, it
is possible that these data contain inaccurate information. Finally,
although an AOR for disease risk was calculated in our case-control
study, we were unable to examine the cause and effect relationship

due to the retrospective nature of this study.

5 | CONCLUSIONS

As a key risk factor, hypertension is associated with a significant
risk of AAD, especially in patients with longer history and higher
stage of hypertension. Hypertensive patients who receive irregular
medication, never receive treatment, or have uncontrolled blood
pressure are at a higher risk of AAD development. It is important to
improve the management of hypertension to reduce AAD incidence

in China's Jilin province.
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