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Background: Secondary hypertension has emerged as a
major public health problem in China. Early diagnosis and
treatment can significantly improve the clinical outcomes.
However, data on the current cause composition in China
are seldom reported.

Objective: To describe the trends in cause-related
comorbidities in hospitalized patients with secondary
hypertension in China from 2013 to 2016.

Methods: This was a retrospective analysis based on the
national Hospital Quality Monitoring System (HQMS)
database, which collects information from the front pages
of in-hospital medical records. Hospitalized patients with
secondary hypertension from 746 tertiary hospitals that
consistently uploaded data to the HQMS from 2013 to
2016 were enrolled. All diagnoses were identified using
International Classification of Diseases version 10 (ICD-10)
diagnostic codes. Descriptive analyses were used to
determine the proportions of secondary hypertension
causes and changing trends over 4 years.

Result: The study collected data on 402 371 hospitalized
patients with secondary hypertension from the HQMS
during 2013–2016. Secondary hypertension caused by
renal parenchymal disease ranked first and accounted for
more than 50%. Obstructive sleep apnea syndrome (OSAS)
followed closely with a rate of approximately 25%.
Primary aldosteronism presented the highest proportion
among all causes of endocrine hypertension. Regarding
longitudinal changes over time, the rates of renal
hypertension showed a significant downward trend from
2013 to 2016 (P<0.001). In contrast, OSAS, endocrine
hypertension, renal vascular disease, and aorta diseases
maintained a significant upward trend from 2013 to 2016
(P<0.001). The rates of these diseases in women with
common secondary hypertension was higher than that of
men, except in patients with OSAS (P<0.001). In addition,
renal parenchymal diseases and renal vascular diseases
gradually decreased with age, whereas OSAS and aortic
diseases gradually increased with age. The proportion of
endocrine hypertension in the middle-aged group was
higher than the other two age groups.
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Conclusion: The study provides important information on
the changing trends of cause rate of secondary hypertension
modified by age and sex in China during 2013–2016. Renal
parenchymal disease is still the most common cause of
secondary hypertension with a decreasing trend, followed
by OSAS with an increasing trend.

Keywords: cause composition, obstructive sleep apnea
syndrome, secondary hypertension

Abbreviations: HQMS, Hospital Quality Monitoring
System; ICD, International Classification of Diseases; OSAS,
obstructive sleep apnea syndrome
INTRODUCTION
H
ypertension is a serious challenge for global public
health and is recognized as an important factor for
increased risk of stroke, cardiovascular disease,

peripheral vascular disease, and mortality [1–4]. Secondary
hypertension is hypertension with an identifiable cause that
may be treatable with an intervention specific to the cause
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[5]. Approximately 5–10% of patients with elevated
blood pressure have secondary hypertension [6]. The
causes of secondary hypertension are complex and diverse
and involve a wide range of diseases originating from
other systems, resulting in high costs owing to secondary
hypertension examinations and consumption of medical
resources.

In addition to the harm caused by high blood pressure
itself, secondary hypertension can be accompanied by
other physiological states, such as electrolyte disturbance,
endocrine imbalance, and hypoxemia, that can lead to
cardiovascular damage independent of blood pressure
[7,8]. The proportion of secondary hypertension in young
hypertensive patients is extremely high, and the majority of
these patients require specific treatment [5,9]. Therefore,
early and accurate diagnosis and targeted treatment of
secondary hypertension are important. Analysis of the
cause and current status of hospitalized patients with sec-
ondary hypertension can help toward the development of
more effective screening and treatment strategies.

Previous studies based on hospitalized patients with
secondary hypertension have shown that renal parenchy-
mal disease was the most common cause of secondary
hypertension, and primary aldosteronism accounted for a
relatively high proportion of cases [8,10–14]. A single-
center study in China reported that obstructive sleep apnea
syndrome (OSAS) and primary aldosteronism were the two
leading causes of secondary hypertension [15]. However,
these studies were limited by their sample size, study
population, age span, and detection methods. Additionally,
no data have revealed recent changes in the causes among
hospitalized patients with secondary hypertension, espe-
cially in China. The Hospital Quality Monitoring System
(HQMS) [16–19] is a mandatory national patient-level data-
base for hospital accreditation, authorized by the National
Health Commission of the People’s Republic of China. Use
of HQMS data provided us with the opportunity to analyze
the causes of patients with secondary hypertension in
tertiary hospitals across China. In this study, we aimed to
explore the rates and changes in causes among hospitalized
patients with secondary hypertension in China from 2013
to 2016.

METHODS

Data source
This was a retrospective analysis based on the HQMS, a
national database that contains information from the front
page of in-hospital medical records for patients in tertiary
hospitals throughout China. Variables mainly include basic
demographic information, up to 10 International Classifi-
cation of Diseases (ICD) discharge diagnostic codes, certain
treatment information, in-hospital death, and other dis-
charge outcome information, hospitalization time, and total
costs. All variables are encoded by certified professional
medical coders in each hospital and then automatically
uploaded to the HQMS. All data preprocessing and analysis
were performed on a computer dedicated to database
storage. For the purpose of our study, we selected the data
of HQMS database from 2013 to 2016 for analysis. This
study was authorized by the HQMS Committee Board and
2016 www.jhypertension.com
was approved by the Ethics Committee of Peking University
First Hospital.

Case identification
To identify cases, we selected discharge diagnoses accord-
ing to the ICD diagnostic codes in the HQMS. As the
diagnostic codes for hypertension, common secondary
hypertension, coronary heart disease, and cerebrovascular
disease in the HQMS are numerous and complex, we
arranged for two groups of cardiologists with substantial
experience in clinical diagnosis to separately review and
confirm the codes and criteria. Three sets of codes con-
taining the most detailed diagnostic codes from different
editions of the ICD-10 dictionary were used [20]. Regarding
the diagnosis of common secondary hypertension, a sepa-
rate detailed series of codes was established for several
major diseases with high incidence reported in previous
studies, including renal parenchymal disease, renal vascu-
lar disease, endocrine hypertension, diseases of the aorta,
and OSAS [6,21]. All patients with hypertension admitted to
746 tertiary hospitals nationwide that had consistently
uploaded data to the HQMS database from 1 January
2013 to 31 December 2016 were included, based on the
hypertension diagnosis ICD-10 codes. We subsequently
enrolled cases of secondary hypertension with a definite
diagnosis of renal parenchymal disease, renal vascular
disease, endocrine hypertension, aortic diseases, and
OSAS, for further analysis.
Statistical analysis
Patient characteristics were presented as mean (SD) for
continuous variables, and categorical variables were
reported as percentage. We described and compared the
changes in demographic data and proportions of various
causes in each year for inpatients with hypertension and a
diagnosis of secondary hypertension. Comparisons among
groups were also stratified by age and sex. Continuous
variables were compared using analysis of variance, and
categorical variables were compared using the chi-square
test. Linear trends over time in the models were also
examined and reported as the P value for trend. All analyses
were performed using R software version 3.4.3 (http://
www.R-project.org). Statistical significance was set to P
less than 0.05.

RESULTS

Patient characteristics
The database contained information for 126 038 670 inpa-
tients from 746 tertiary hospitals in China between 2013 and
2016. We used ICD codes to screen a total of 20 999 503
patients aged more than 18 years who had a diagnosis of
hypertension and complete demographic information. We
then further screened patients using the ICD codes for
common causes of secondary hypertension, to finally enroll
a total of 402 371 patients in this study (Fig. 1). We grouped
all enrolled patients by year, to analyze inpatient character-
istics and explore the changing trends in conditions over
time. Owing to multiple hospitalizations, there were a total
of 72691 patients in 2013, 100867 patients in 2014, 110678
Volume 39 � Number 10 � October 2021
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FIGURE 1 Data processing for identification of patients with secondary hypertension.

Trends in cause-related comorbidities
patients in2015, and118135patients in2016.Thedemographic
characteristics for all patients, which were relatively similar
among the 4years, are presented in Table 1. For example, in
2016, the mean age of 118135 hospitalized patients with
secondary hypertension was 52.08� 15.08years, and 61.30%
were men. Among them, 10.70% had cerebrovascular
disease and 13.23% had coronary heart disease. We excluded
28881 patients (7.18%) from further cause-related analysis
Journal of Hypertension
owing to a lack of detailed cause information for secondary
hypertension.
Trends in disease change, by year
Regarding causes (Table 2), secondary hypertension
caused by renal parenchymal disease ranked first in each
year, accounting for more than 50% of cases. OSAS
www.jhypertension.com 2017



TABLE 2. Rates of specific cause-related comorbidities in hospitalized patients with secondary hypertension in China from 2013 to 2016

2013 2014 2015 2016 P for trend

Renal parenchymal disease [n (%)] 42 812 (58.89) 60 106 (59.58) 62 841 (56.77) 62 129 (52.59) <0.001

Renal vascular disease [n (%)] 2053 (2.82) 2274 (2.25) 2991 (2.70) 3388 (2.86) <0.001

Endocrine hypertension [n (%)] 5276 (7.25) 6823 (6.76) 8147 (7.36) 9757 (8.25) <0.001

Cushing’s syndrome [n (%)] 771 (1.06) 995 (0.98) 1172 (1.05) 1349 (1.14) 0.012

Primary aldosteronism [n (%)] 3991 (5.49) 5148 (5.10) 6293 (5.68) 7564 (6.40) <0.001

Pheochromocytoma [n (%)] 444 (0.61) 660 (0.65) 659 (0.59) 790 (0.66) 0.313

Diseases of aorta [n (%)] 739 (1.01) 1124 (1.11) 1401 (1.26) 1798 (1.52) <0.001

Obstructive sleep apnea syndrome [n (%)] 17 732 (24.39) 25 835 (25.61) 30 467 (27.52) 35 421 (29.98) <0.001

TABLE 1. Characteristics of hospitalized patients with secondary hypertension in China from 2013 to 2016

Variables 2013 (72 691) 2014 (100 867) 2015 (110 678) 2016 (118 135) P value

Demographic characteristics
Age, mean (SD) (years) 51.23 (15.41) 51.63 (15.27) 51.77 (15.18) 52.08 (15.08) <0.001

Male [n (%)] 43 702 (60.12) 60 817 (60.29) 67 319 (60.82) 72 417 (61.30) <0.001

Han [n (%)] 63 549 (94.45) 89 481 (94.59) 98 442 (94.23) 106 523 (94.05) <0.001

Major comorbid conditions
Cerebrovascular disease [n (%)] 6011 (8.26) 9352 (9.27) 11 000 (9.93) 12 642 (10.70) <0.001

Coronary heart disease [n (%)] 8043 (11.06) 11 868 (11.76) 13 851 (12.51) 15 635 (13.23) <0.001

Zhang et al.
followed closely, with an unexpected rate of approximately
25%; renal vascular disease and aortic disease accounted for
smaller proportions of the overall population. Primary
aldosteronism presented the highest proportion among
all causes of endocrine hypertension. According to longi-
tudinal changes over time (Fig. 2), the diagnosis rate of
renal hypertension showed a significant downward trend
from 2013 to 2016 (58.89–52.59%, respectively; P< 0.001).
In contrast, endocrine hypertension (7.25% in 2013 to 8.25%
in 2016, P< 0.001), particularly primary aldosteronism,
increased gradually (5.49% in 2013 to 6.40% in 2016,
P< 0.001). Notably, OSAS maintained a significant upward
trend between 2013 and 2016 (24.39–29.98%, respectively;
P< 0.001).

Trends in disease change, by sex
Regardless of sex, the order of the causes and annual
change in trends were similar to those in the overall
FIGURE 2 Trends in cause-related comorbidities among hospitalized patients with
secondary hypertension, from 2013 to 2016.
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population (Table 3 and Supplementary Table 1, http://
links.lww.com/HJH/B651). Taking 2016 as an example, the
diagnosis rates of renal parenchymal disease (58.72 vs.
48.71%, P< 0.001), renal vascular disease (3.20 vs. 2.65%,
P< 0.001), endocrine hypertension (11.12 vs. 6.45%,
P< 0.001), and diseases of the aorta (1.72 vs. 1.39%,
P< 0.001) were much higher in female than in male
patients. Only the rate of OSAS presented diametrically
opposite results (18.48% in women vs. 37.24% in men,
P< 0.001).

Trends in disease change, by age
Patients were divided into three age groups: young (18–
40 years), middle-aged (41–65 years), and older
(>65 years). The rates of all diseases were significantly
different among age groups (P< 0.001), shown in Table
4 and Supplementary Table 2, http://links.lww.com/HJH/
B652. Again taking 2016 as an example, in the young age
group, the rate of secondary hypertension caused by renal
parenchymal disease still ranked first among all causes,
reaching 67.19%; this far exceeded the rates in the other two
groups (49.70% in the middle-aged group and 43.97% in the
older group, P< 0.001). The rate of renal vascular disease in
TABLE 3. Rates of specific cause-related comorbidities in
hospitalized patients with secondary hypertension
in different sex groups in 2016

Male Female P value

Renal parenchymal disease [n (%)] 35 280 (48.71) 26 849 (58.72) <0.001

Renal vascular disease [n (%)] 1923 (2.65) 1465 (3.20) <0.001

Endocrine hypertension [n (%)] 4672 (6.45) 5085 (11.12) <0.001

Cushing’s syndrome [n (%)] 405 (0.55) 944 (2.06) <0.001

Primary aldosteronism [n (%)] 3898 (5.38) 3666 (8.01) <0.001

Pheochromocytoma [n (%)] 336 (0.46) 454 (0.99) <0.001

Diseases of aorta [n (%)] 1009 (1.39) 789 (1.72) <0.001

Obstructive sleep apnea syndrome
[n (%)]

26 970 (37.24) 8451 (18.48) <0.001
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TABLE 4. Rates of specific cause-related comorbidities in hospitalized patients with secondary hypertension in different age groups in
2016

18–40 years 41–65 years >65 years P value

Renal parenchymal disease [n (%)] 18 319 (67.19) 33 378 (49.70) 10 432 (43.97) <0.001

Renal vascular disease [n (%)] 983 (3.60) 1783 (2.65) 622 (2.62) <0.001

Endocrine hypertension [n (%)] 1917 (7.03) 6130 (9.12) 1710 (7.20) <0.001

Cushing’s syndrome [n (%)] 421 (1.54) 770 (1.14) 158 (0.66) <0.001

Primary aldosteronism [n (%)] 1342 (4.92) 4844 (7.21) 1378 (5.80) <0.001

Pheochromocytoma [n (%)] 137 (0.50) 491 (0.73) 162 (0.68) <0.001

Diseases of aorta [n (%)] 172 (0.63) 641 (0.95) 985 (4.15) <0.001

Obstructive sleep apnea syndrome [n (%)] 4475 (16.41) 22 445 (33.42) 8501 (35.83) <0.001

Trends in cause-related comorbidities
the young group was also higher than those in the other two
groups. In contrast, the rate of OSAS was lower in the young
group than those in the other two groups (16.41% in young
patients, 33.42% in middle-aged patients, and 35.83% in
older patients). In the middle-aged group, renal parenchy-
mal diseases accounted for approximately 50% of all sec-
ondary hypertension causes. Endocrine hypertension,
especially primary aldosteronism, showed the highest diag-
nosis rate in the middle-aged group. In the older group,
renal parenchymal disease, OSAS, and primary aldosteron-
ism remained the three leading causes. The proportion of
OSAS in the older group was higher than those in the other
two groups.

DISCUSSION
To the best of our knowledge, this is the most recent and
largest national study to examine the causes of hospitalized
patients with secondary hypertension and variation over
time. This study is the first to establish trends in the rate of
hospitalizedpatientswith secondaryhypertension from2013
to 2016 in China. We found that the number of hypertensive
inpatients with secondary hypertension increased during the
target 4-year period. In addition, although cause-related
diseases differed on the basis of age and sex, renal paren-
chymal disease andOSAS remained the leading twocauses in
China, with opposite trends by year.

The prevalence and composition ratio of various com-
mon diseases that cause secondary hypertension remain
unknown. Renal parenchymal disease, one of the most
common causes of secondary hypertension, has a preva-
lence of 1.6–8% in patients with hypertension, according to
previous reports [10,12,13,22]. Similar single-center studies
in China have shown that renal parenchymal hypertension
accounts for approximately 3 and 8% of patients with
hypertension and secondary hypertension, respectively
[15,23]. The incidence of chronic kidney disease in China
is high, and awareness is relatively poor [24]. As the risk of
hypertension in patients with chronic kidney disease is
close to 70% [25], the status of renal parenchymal disease
as a cause of secondary hypertension in China must be
taken seriously. According to the results of the present
study, renal parenchymal disease reached a maximum of
59.58% in 2014, becoming the main cause of secondary
hypertension among hospitalized patients in China. The
constituent ratio began to decline after 2014, mainly owing
to both the strengthening of prevention and treatment as
well as screening for other causes.
Journal of Hypertension
OSAS, a cause of secondary hypertension reported in
2003 [26], has been a focus of attention because of its high
morbidity and direct damage to target organs. Although the
prevalence of OSAS varies widely according to previous
investigations, it is persistently high, particularly among
patients with resistant hypertension [8,27–29]. In a retro-
spective study conducted in 2007, OSAS accounted for
42.9% of all hospitalized patients with secondary hyperten-
sion in a Chinese hospital over 8 years [23]. As important
evidence that can support and supplement this finding, the
present study revealed that the diagnosis rate of OSAS was
ranked second highest among hospitalized patients with
secondary hypertension in China, and the absolute fre-
quency and proportion of the disease increased from
2013 to 2016. Even if these findings are related to increased
awareness of the disease and available detection methods,
these data are valuable in clinical practice. The recent
European guidelines for hypertension recommend routine
examination using polysomnography to monitor OSAS in
patients with resistant hypertension. For hypertensive
patients who have corresponding systemic symptoms or
hypertension that is difficult to control with medication,
screening for this disease in a timely manner is important.

Primary aldosteronism was considered a rare disease a
few decades ago. With continuous improvement in detec-
tion techniques, previous studies have shown that the
prevalence of primary aldosteronism in patients with
hypertension is approximately 5–10% [30,31]. A recent
single-center study at Fuwai Hospital in China suggested
that the diagnosis rate of primary aldosteronism among
hypertensive patients was 5.2% whereas that of secondary
hypertension was 16.8% [32]. In the present study, the
diagnosis rate of primary aldosteronism among patients
with secondary hypertension was 6.40% in 2016, making
this the third leading cause of secondary hypertension and
the leading cause of endocrine hypertension.

The proportions of secondary hypertension indicate
specific characteristics among different age groups, on
the basis of previous research. Our study found that the
rate of renal parenchymal disease as a cause of secondary
hypertension showed a downward trend with increased
age and OSAS showed the opposite trend. Various
researchers are in agreement that a principal cause of
secondary hypertension among young adults in Western
countries is renal parenchymal disease [5,33]. In contrast to
past findings [34], in the present study, OSAS surpassed
renal vascular disease as the second leading cause among
young adults in China. Previous studies among patients
www.jhypertension.com 2019
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with hypertension or resistant hypertension have shown
that individuals with OSAS are significantly older than those
without OSAS [8,29]. Our results showed that the rate of
renal vascular disease in young patients was higher than
that in the other two age groups; however, we could not
further explore the causes owing to a lack of information. A
single-center study from China analyzed the cause among
2047 patients with renal artery stenosis and found that
patients under 40 years of age had the highest proportion
of fibromuscular dysplasia, whereas those over 40 years of
age had the highest proportion of atherosclerosis [35]. In
middle-aged adults, OSAS, endocrine hypertension, and
renal parenchymal disease predominate, similar to Western
countries [5]. In older adults, it was worth noting that the
results of previous studies suggest that the proportion of
patients with hypertension and OSAS over 60 years of age is
lower than this proportion among their counterparts aged
40–59 years [36]. However, the results of our study sug-
gested that among Chinese patients with secondary hyper-
tension over 65 years old, the combined rate of OSAS
reached more than 30%, which requires greater attention
in clinical screening.

The differences in causes by sex are also worth noting.
Men showed a predominance of OSAS prevalence, similar
to a previous study [8]. Women accounted for most cases of
endocrine diseases, such as primary aldosteronism. Previ-
ous studies have not suggested significant sex differences
among patients with primary aldosteronism [30,37]. How-
ever, studies on ion channel mutations in patients with
aldosterone-producing adenoma, the most common cause
of primary aldosteronism, have suggested that the propor-
tion of KCNJ5 mutations in women was significantly higher
than that in men [38]. These findings can provide guidance
on the selection of screening methods for secondary hyper-
tension among patients of different ages and sex.
Limitations
First, thiswas a retrospective study and thedatawereobtained
from the front page of inpatients’ medical records. Owing to a
lack of detailed data regarding patient examinations and
treatment, we were unable to collect further information, such
as causality, subtypes, severity, and outcomes. Second, we
only included inpatients in tertiary hospitals, which may cause
overestimation of the overall constituent ratio owing to both
the purpose of diagnosis and improved examinations for
related diseases. Third, we excluded some patients without
a definite cause-relateddiagnosis,whichmayhave impacts on
the constituent ratio of secondary hypertension causes. How-
ever, this did not affect our main findings as the rates of both
renal parenchymal disease and OSAS were much higher than
this unclear rate.

In conclusion, our study provides important information
on the changing trends in cause composition of secondary
hypertension in China, on the basis of age and sex. Renal
parenchymal disease remained the most common cause of
secondary hypertension from 2013 to 2016, with a decreas-
ing trend. This was followed by OSAS, which has become
an important complicating disease in the cause of second-
ary hypertension. Screening for OSAS should be considered
in patients with hypertension in China.
2020 www.jhypertension.com
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