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Background: Orthostatic hypotension (OH) is a common disease of the elderly. It is

generally believed that the pathogenesis of OH is related to the impairment of autonomic

nerve function and the decreased vascular capacity regulation. This study aims to explore

the relationship between OH and heart rate variability (HRV) parameters, which reflects

autonomic nerve function; ankle-brachial pressure index (ABI), which reflects the degree

of vascular stenosis; pulse wave velocity (PWV) index, which reflects vascular stiffness;

and frailty index (FI), which reflects the overall health status of the elderly.

Methods: From January to September 2018, 24-h HOLTER monitoring, PWV, and

ABI were performed in 108 elderly patients with OH and 64 elderly patients who

underwent physical examination in our hospital. Analysis software was used to record

the subject’s standard deviation of the cardiac cycle (SDNN), the standard deviation of

the 5-min average cardiac cycle (SDANN), the square root of the average square sum

of consecutive n-interval differences (rMSSD), the percentage of the number of adjacent

cardiac interval differences >50ms (pNN50), low frequency (LF), high frequency (HF),

very low frequency (VLF), and low frequency/high frequency ratio (LF/HF). Then, FI was

evaluated qualitatively and quantitatively in the form of a scale.

Results: There was no statistical difference between the two groups on the basis

of age, sex, body mass index (BMI), low-density lipoprotein (LDL), resting heart rate,

blood pressure, fasting blood glucose, long-term medication, etc. There were significant

differences in PWV, SDNN, LF, VLF, and LF/HF between the two groups (P < 0.05).

The risk factor of OH in the qualitative (P = 0.04) and quantitative (P = 0.007) index

FI was higher in the OH group than in the control group. The risk factors of OH were

PWV, SDNN, VLF, LF/HF, and FI, where FI was positively correlated and LF/HF was

negatively correlated.
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Conclusions: The pathogenesis of OH is related to vascular stiffness, imbalance of

autonomic nerve regulation, and its comprehensive health status in the elderly. However,

arteriosclerosis has not been confirmed as an independent risk factor.

Clinical Trial Registration: Retrospectively registered, http://www.chictr.org.cn.

Keywords: orthostatic hypotension, heart rate variability (HRV), pulse wave velocity (PWV), ankle brachial pressure

index (ABI), FI

BACKGROUND

Orthostatic hypotension (OH) is a common disease status of the
elderly. Its incidence increases with age. According to American
statistics, the prevalence rate of the community population aged
over 65 was about 20–30% (1). In the Irish elderly population
study, the prevalence of OH was 41% among people over 80
years old (2). OH is considered to be the third most common
cause of syncope, second only to vasovagal syncope and cardiac
syncope (3), so patients have an increased risk of falling,
with complications including fractures, infections, and reduced
mobility (4). Some studies showed that OH was positively
correlated with the overall prevalence of dementia and may also
lead to Alzheimer’s disease and vascular dementia (5). Clinical
research showed that the prognosis of OH patients was poor,
which could increase all-cause mortality by 1.5 times in a 5-years
follow-up (6).

At present, there are some studies on the pathogenesis
of OH. Some studies have shown that non-neurogenic OH
was related to autonomic nervous dysfunction and decreased
vascular capacity regulation (7). Clinically related treatments
of OH also focus on improving autonomic nerve function
and vascular regulation (8). HRV is considered to be a well-
known indicator of cardiac autonomic nerve function. Some
studies also confirmed that HRV was related to OH (9, 10), but
the observation parameters were inconsistent, the mechanism
theory was not rigorous, and there were also contrary research
results (11, 12).

Based on the mechanism of decreased vascular volume
regulation, combined with the characteristics of elderly patients,
we speculated that there might be a correlation between
atherosclerosis and OH, but there were few relevant reports. In
consideration of the elderly with multiple mental disorders, we
also tried to explore the relationship between the comprehensive
state of the elderly and OH. Accordingly, we designed
this study.

Abbreviations: OH, Orthostatic hypotension; HRV, Heart rate variability; ABI,

Ankle-brachial pressure index; PWV, Pulse wave velocity index; FI, Frailty index;

SDNN, Standard deviation of the cardiac cycle; SDANN, Standard deviation of

the 5-min average cardiac cycle; rMSSD, Square root of the average square sum of

consecutive n-interval differences; pNN50, Percentage of the number of adjacent

cardiac interval differences >50ms; LF, Low frequency; HF, High frequency;

VLF, Very low frequency; ULF, Ultra low frequency; LF/HF, Low frequency/high

frequency ratio; BMI, Body mass index; LDL, Low-density lipoprotein; ECG,

Electrocardiogram; GFI, Groningen frailty indicator; SD, Standard deviation.

METHODS

Participants
From January to September 2018, 108 cases of OH elderly
patients from the Geriatrics Department and Cardiology
Department in the eastern district of Wuhan Puai Hospital
were screened as observation groups (OH group). In the same
period, 64 cases of elderly people from the Physical Examination
Department in the eastern district of Wuhan Puai Hospital were
taken as control group (CON group). Strobe statements were
used for study identification, screening, and inclusion.

Selection Criteria
(1) Age ≥65 years old, able to cooperate with researchers; (2) In
the stable stage of the disease, stop intravenous infusion for more
than 3 days; (3) OH group meets diagnostic criteria (13), with
or without related clinical symptoms; CON group excluded OH
diagnosis; (4) To obtain informed consent.

Exclusion Criteria
(1) Atrial fibrillation or obvious arrhythmia; (2) Pacemaker
implantation; (3) Diabetes; (4) Drugs, such as antidepressants,
anti-Parkinson, anti-psychotic, Raas blockers, and Beta blockers
that have a significant effect on autonomic nerve function are
being taken; (5) At the stage of disease onset, needs clinical
treatment, such as intravenous infusion; (6) Those who have not
obtained informed consent and cannot cooperate.

Study Design
OH Diagnostic Criteria
Refer to the definition in the expert consensus issued by the
American Institute of Autonomous Neurology and Neuropathy
in 1996: The blood pressure was measured every minute within
3min after the change from lying position to standing position.
The systolic and/or diastolic blood pressure decreased ≥20
mmHg and/or diastolic blood pressure decreased ≥10 mmHg
within 3 min (13).

Determination and Entry of the OH Group
From January to September 2018, elderly OH patients from the
Geriatrics Department and Cardiology Department of Wuhan
Puai Hospital (age ≥65) were screened by the researchers under
the condition of stable preexisting disease. The method was as
follows: After the patient stayed in bed for 15min, the researcher
used a calibrated mercury sphygmomanometer to measure the
blood pressure and heart rate of the lying humeral artery and
recorded it. The patient’s blood pressure and the heart rate of the
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same brachial artery were measured every minute after standing
upright and recorded to 3min after standing upright. Patients
with reduced systolic pressure ≥20 mmHg and/or diastolic
pressure ≥10 mmHg within 3min were diagnosed as OH. After
informed consent was obtained, a total of 108 cases entered the
group and completed the study (n= 108).

Entry of the Control Group
From January to September 2018, the elderly (age ≥65 years old)
who came to the Physical Examination Department of Wuhan
Puai Hospital for physical examination were enrolled by the
researchers after OH detection. Ruling out OH diagnosis and
obtaining informed consent, a total of 64 cases were enrolled and
completed the study (n= 64).

Observation Indicators Collection
The two groups of subjects who were selected for registration
both recorded general data, body mass index (BMI), resting
blood pressure, heart rate, and medication. The following
routine biochemical tests were performed: blood fat, blood
sugar, improved ankle-brachial pressure index (ABI), pulse
wave velocity (PWV), and 24-h HOLTER tests. Qualitative and
quantitative scores of “frailty” were evaluated and recorded by
a specially designated researcher. All data were reviewed and
verified by two researchers independently.

Collection method of arteriosclerosis parameters
The ABI and PWV were measured using the VP-1000 automatic
arteriosclerosis tester of OMRON Colin of Japan. Resting at least
5min before the test, all subjects lay on the diagnostic bed on
their backs, with the cuff tied to the upper and lower limbs in
accordance with the operating rules. The upper arm sleeve belt air
bag marked the brachial artery and the lower edge of the cuff was
2–3 cm from the elbow socket. The lower extremity cuff airbag
mark was aligned with the inner side of the lower extremity,
and the lower edge of the cuff was 1–2 cm from the inner ankle.
The cuff was loosened moderately. The electrocardiogram (ECG)
sensor was placed in the second left rib, body height parameters
were input, the instrument automatically measured ABI and
calculated PWV, and the researchers recorded the data.

Heart rate variability indicators collection method
All subjects were monitored using 24-h HOLTER, the device was
GE Seer Light Record box, and the heart rate variability (HRV)
analysis software used was GEMARS Software. HRV analysis was
based on the guidelines of the European College of Cardiology
and the North American Pacemaker and Electrophysiological
Society. NN intervals were RR intervals in sinus rhythm, and
average NN intervals were the mean value of RR intervals in
sinus rhythm. Intervals greater than or <30% of the average of
the first four intervals are considered artifacts and removed from
the analysis record. According to the automatic editing program,
each ECG record was manually reviewed by two authors blinded
to avoid abnormal QRS complex morphology, ectopic heartbeat,
and motion artifacts, and to ensure that the HRV analysis
program correctly marks the R wave, so as to accurately detect
the R–R interval. Make corrections if necessary. According to the

measurement standard, the following HRV measurements were
calculated in the time domain and frequency domain (14).

Time-domain related parameters:

• The standard deviation of normal-to-normal RR interval
(SDNN), in ms.

• The standard deviation of the 5-min average cardiac cycle
(SDANN), in ms.

• The square root of the average square sum of consecutive
n-interval differences (rMSSD), in ms.

• The percentage of the number of adjacent cardiac interval
differences >50ms (pNN50), in%.

Frequency-domain related parameters:
For frequency-domain HRV analysis, RR time series were

interpolated at 250ms to obtain isometric values. Using fast
Fourier transform (FFT), we quantified HRV in four frequency
bands. Three characteristic frequencies were identified: LF, HF,
and VLFwhen analyzing 2- to 5-min ECG recordings. ULF bands
are identified with VLF bands in a 24-h recording.

• Low frequency (LF) band (LF power in the range of 0.04–
0.15Hz), in ms2.

• High frequency (HF) band (HF power in the range of 0.15–
0.40Hz), in ms2.

• Very low frequency (VLF) band (VLF power in the range of
0.003–0.04Hz), in ms2.

• Ultra low frequency (ULF) band (ULF power in the range of
0.0001–0.003Hz), in ms2.

• We also considered the LF/HF ratio.

Qualitative frailty index (FI) evaluation and collection
In this study, the Groningen frailty indicator (GFI) scale (15) was
selected as the research object for qualitative evaluation of frailty
status. This scale was put forward by the Dutch scholar Peters in
2010. It presupposed 15 indexes in four fields: physical ability,
cognition, society, and psychology (Supplementary Table 1).
The subjects of each index only need to select “yes” or “no” (“yes”
means that the item cannot be completed independently, score 1
point; “no” means that the item can be completed independently
without the help of others, score 0 point); the cumulative score
value is 0–15 points; if the result is ≥4 points, it is recorded as
“frailty”; if <4 points, it is recorded as “healthy.” In this study,
the scale was completed and recorded by fixed researchers at the
time of recruitment.

Quantitative FI formulation
The quantitative index of frailty adopted the currently recognized
FI proposed by Rockwood et al. (16). FI is the accumulation
of multiple indicators based on diseases, activities of daily
life, clinical evaluation results, etc., which can assess the risk
of adverse health outcomes and can objectively evaluate each
individual independent of age and functional status.

Quantitative FI evaluation List the common health deficits
reflecting frailty that met the standards and with a score of 0–1
for each item. Each defect can be determined as multiple values
according to the situation; for example, there are good, medium,
and bad conditions, and the score can be set as 0, 0.5, and 1.
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You need 4 values to give (0, 0.33, 0.67, 1.0) four scores. The
corresponding individual situation was scored. The FI score was
the ratio of the individual’s current number of deficits score to
the total number of deficits score. For example, consider that a
health project data set had 50 variable items, each of which met
the criteria considered to be a health deficit. If an individual did
not have one, his FI will be 0/50 = 0 (theoretically, this situation
did not exist). If an individual had 10 deficits of 1 point, the FI
index would be 10/50= 0.20.

Quantitative FI project identification and collection According
to the inclusion criteria of the FI project (17), referring to
relevant literature (18) and our actual situation, we established
30 FI indicators in six aspects: 6 physiological self-care
capabilities (needed help in cooking, shopping, housework,
bathing, urine control, and outdoor walking; one score of 1
point; otherwise, 0 points); 1 cognitive function (MMSE scale
score, <10 points for 1 point, 10–25 points for 0.5 points, >25
points for 0 points); 16 cases of illness (allergies other than
food, asthma, degenerative joints, rheumatism, hypertension,
diabetes, migraines, chronic bronchitis, sinusitis, epilepsy,
heart disease, tumors, gastrointestinal diseases, cerebrovascular
diseases, Alzheimer’s disease, or other dementia, cataracts; one
score of 1 point; otherwise, 0 points); 4 health self-assessments
[hearing impairment affected life, visual impairment affected
life, serious illness in the past year (reported by a doctor to be
seriously ill or critically ill), and 4 or more prescription drugs;
one score of 1 point; otherwise, 0 points]; 2 mental health items
(often consciously nervous or depressed, not interested in things;
one score of 1 point; otherwise, 0 points); and 1 item (non-
conscious; the weight dropped by 5 kg in the past year; one
score of 1 point, no score of 0 points), for a total of 30 points.
Dividing the individual score by the total score of 30 points yields
the individual’s FI (Supplementary Table 2). This indicator was
collected and scored by specialized researchers.

Statistical Analysis Methods
Quantitative data were expressed as mean ± SD, and qualitative
data were expressed as the number of cases (percentage). The
normal distribution of continuous variables was tested by
Kolmogorov–Smirnov. The variance homogeneity test used
Levene test. The continuous data of the normal distribution were
evaluated by an independent-samples t-test or a Bonferroni
single-factor variance analysis (one-way ANOVA). The
percentage of the comparison classification variable was
tested using chi square. We determined the relevant risk factors
for OH by the multiple logistic regression model. All statistical
analysis was performed using SPSS 22.0 software. P < 0.05 was
statistically significant.

RESULTS

Study Selection
The Medsci sample size tools (MSST) was used to calculate the
sample size. According to the matching ratio of 2:1 in the OH
group and the CON group, a total of 255 study populations were
included according to the results of the OH test. Through the

relevant exclusion screening criteria, a total of 78 people failed.
Subsequently, five more people were not eligible for the study
because they could not cooperate with the experiment. In the end,
172 people entered the study (Figure 1). The steps used followed
the Strobe statement.

General Characteristics of Participants
There was no significant difference between the two groups in
age, gender, smoking, drinking wine, BMI, resting blood pressure,
resting heart rate, hypertension, hyperlipidemia, hyperuricemia,
tumors, and cerebral infarction. There was no significant
difference between the two groups in laboratory biochemical
indexes, such as fasting blood sugar and LDL (Table 1).

General Characteristics of Participants
Logistic Regression Analysis
Taking OH as the dependent variable and using age, gender,
smoking, drinking wine, BMI, resting blood pressure, resting
heart rate, fast blood sugar, LDL hypertension, hyperlipidemia,
hyperuricemia, tumors, and cerebral infarction as independent
variables, logistic regression analysis showed that the above
indicators were not the risk factors of OH (Table 2).

Analysis of Defined Daily Dose (DDD) and
Usage of Antihypertensive Drugs and
Logistic Regression Analysis
The results showed that there were no significant differences in
the DDD of antihypertensive drugs, calcium channel antagonists,
alpha receptor antagonists, diuretics, and statins between the two
groups (Table 3). Taking OH as the dependent variable and the
above indexes as the independent variable, logistic regression
analysis showed that the above indexes were not the risk factors
of OH (Table 4).

The Results of the Atherosclerosis Test
The results indicated that there was no statistical difference about
ABI between the two groups (P = 0.14) (Figure 2A). PWV was
significantly higher in the OH group than in the control group (P
= 0.035) (Figure 2B).

The Results of 24-h HOLTER Tests
In the detection of HRV time-domain-related parameters, there
was no statistical difference of SDANN, rMSSD, and pNN50
between the two groups (P >0.05). Compared with the CON
group, SDNN in the OH group decreased significantly (P < 0.05)
(Figure 3A). In the detection of HRV frequency-domain-related
parameters, there was no statistical difference of HF between the
two groups (P > 0.05). Compared with the CON group, LF, VLF,
and LF/HF decreased significantly in the OH group (P < 0.05)
(Figure 3B).

Qualitative and Quantitative Results of FI
According to the qualitative results of FI, the proportion of
compliance with frailty in the OH group was significantly
higher than that in the control group (P = 0.04) (Table 5). The
quantitative study of FI showed that the OH group was higher
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FIGURE 1 | Participant selection flow diagram. OH, orthostatic hypotension group; CON, control group.

TABLE 1 | General characteristics of participants.

OH Group

(n = 108)

CON Group

(n = 64)

P-value

Age (years) 72.89 ± 4.48 72.27 ± 3.92 P = 0.12

Gender (M/F) 57/51 31/33 P = 0.63

Smoking 34 (30%) 17 (27%) P = 0.50

Drinking wine 27 (25%) 13 (20%) P = 0.48

BMI 23.84 ± 1.46 23.73 ± 1.59 P = 0.49

Systolic pressure (mmHg) 134.17 ± 13.79 131.28 ± 12.56 P = 0.85

Diastolic pressure (mmHg) 71.67 ± 10.24 71.16 ± 8.21 P = 0.08

Static heart rate (bpm) 70.33 ± 7.34 70.69 ± 7.54 P = 0.24

Fasting blood sugar (mmol/l) 4.79 ± 0.58 4.69 ± 0.52 P = 0.32

LDL (mmol/l) 2.81 ± 0.67 2.68 ± 0.60 P = 0.12

Hypertension 31/108 (29%) 20/64 (31%) P = 0.72

Hyperlipidemia 63/108 (58%) 29/64 (45%) P = 0.10

Hyperuricemia 18/108 (17%) 9/64 (14%) P = 0.65

Tumors 8/108 (7%) 3/64 (5%) P = 0.48

Cerebral infarction 27/108 (25%) 12/64 (19%) P = 0.34

than that of the control group, and there was significant statistical
difference between the two groups (P = 0.007) (Figure 4).

The Relevant Risk Factors for OH
Taking OH as the dependent variable and using ABI, PWV,
SDNN, SDANN, rMSSD, pNN50, LF, HF, VLF, LF/HF, and FI
as independent variables, logistic regression analysis showed that

TABLE 2 | General characteristics of participants logistic regression analysis.

B S.E. Wald df P-value Exp

(B)

95% CI for EXP(B)

Lower Upper

Age (years) −0.045 0.429 0.011 1 0.917 0.956 0.413 2.215

Gender (M/F) 0.036 0.044 0.655 1 0.418 1.036 0.951 1.129

Smoking −0.331 0.772 0.184 1 0.668 0.718 0.158 3.260

Drinking wine −0.179 0.771 0.054 1 0.816 0.836 0.184 3.792

BMI −0.003 0.112 0.001 1 0.981 0.997 0.801 1.242

Systolic pressure

(mmHg)

0.017 0.015 1.364 1 0.243 1.017 0.988 1.047

Diastolic pressure

(mmHg)

0.024 0.021 1.312 1 0.252 1.024 0.983 1.067

Static heart rate

(bpm)

−0.027 0.025 1.117 1 0.291 0.974 0.926 1.023

Fasting blood

sugar (mmol/l)

0.272 0.313 0.754 1 0.385 1.312 0.711 2.422

Low-density

lipoprotein (mmol/l)

0.172 0.312 0.304 1 0.581 1.188 0.644 2.191

Hypertension 0.398 0.388 1.054 1 0.305 1.489 0.696 3.185

Hyperlipidemia −0.444 0.380 1.366 1 0.243 0.641 0.304 1.351

Hyperuricemia −0.119 0.476 0.063 1 0.802 0.888 0.349 2.256

Tumors −0.688 0.740 0.865 1 0.352 0.502 0.118 2.142

Cerebral infarction −0.426 0.417 1.047 1 0.306 0.653 0.289 1.477

B, coefficient; S.E., standard error; Wald, card square; df, degree of freedom; OR,

odds ratio.
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TABLE 3 | Analysis of DDD and usage of antihypertensive drugs.

Drug use OH Group

(n = 108)

CON Group

(n = 64)

P-value

DDD 2.3 ± 3.3 2.5 ± 2.4 P = 0.65

Calcium channel antagonists 27/108 (25%) 19/64 (30%) P = 0.51

Alpha receptor antagonists 11/108 (10%) 4/64 (6%) P = 0.38

Diuretic 15/108 (14%) 7/64 (11%) P = 0.64

Statin 60/108 (56%) 31/64 (48%) P = 0.43

OH, orthostatic hypotension group; CON, control group.

TABLE 4 | DDD and usage of antihypertensive drugs logistic regression analysis.

B S.E. Wald df P-value Exp

(B)

95% CI for EXP(B)

Lower Upper

DDD −0.056 0.076 0.541 1 0.462 0.946 0.816 1.097

Calcium channel

antagonists

0.198 0.453 0.190 1 0.663 1.219 0.501 2.963

Alpha receptor

antagonists

−0.771 0.719 1.148 1 0.284 0.463 0.113 1.895

Diuretic −0.298 0.589 0.256 1 0.613 0.742 0.234 2.354

Statin −0.379 0.326 1.350 1 0.245 0.685 0.361 1.297

B, coefficient; SE, standard error; Wald, card square; df, degree of freedom; OR,

odds ratio.

PWV, SDNN, VLF, LF/HF, and FI were all predicted factors of
OH. Among them, PWV and FI were positively correlated, and
SDNN, VLF and LF/HF were negatively correlated. FI and LF/HF
were the most affected (Table 6).

DISCUSSION

Similar to the literature (19), researchers have found that OH is
a common disease state in the elderly. Some studies suggested
that the onset of initial OH was related to autonomic nervous
dysfunction, which was believed to be caused by the mismatch
between vascular resistance and cardiac output and the active
contraction of leg muscles (20). Another study showed that the
cause of delayed OH was insufficient/relative insufficiency of
blood volume. In the study, the patients were found to have
improved syncope symptoms after using compression socks
of lower limbs (21). In our daily work, researchers found
that HRV abnormalities often occurred in HOLTER and ECG
monitoring of OH patients. HRV involves the measurement
and recording of the time interval between successive heartbeats
(usually through ECG) (22). It had been proven that it reflects
the activities of the autonomic nervous system (ANS) and
its sympathetic and parasympathetic branches. These branches
control almost all the internal organs and blood vessels (23,
24). We believed that there should be a correlation between
HRV and OH. In the elderly, atherosclerosis increases with age
and is related to vascular volume (25). Thus, we speculated
that there might be a correlation between atherosclerosis and
OH. Considering the complicated pathogenesis of OH, our

FIGURE 2 | (A) The two groups of ABI. (B) The two groups of PWV. OH,

orthostatic hypotension group; CON, control group. *P < 0.05, statistical

difference.

observation object was the elderly, usually combined with a
variety of pathophysiological conditions; we also hoped to
explore the relationship between the comprehensive state of
the elderly and OH. Therefore, this study established the
observation object as the elderly OH patients and set the
observation indexes as HRV reflecting the autonomic nerve
function, ABI reflecting the degree of atherosclerotic vascular
stenosis (26), PWV reflecting the degree of atherosclerotic
vascular stiffness (27), and “frailty” reflecting the health status of
the elderly (28).

The results showed that there was no difference in ABI
between the two groups (P > 0.05), while PWV in the OH group
was significantly higher than that in the control group (P < 0.05).
PWV reflects the degree of vascular stiffness. It was believed
that the failure of lower limbs and visceral vessels to contract
in time during the body position change of OH patients was
related to the damage of sympathetic adrenergic system (29),
but this mechanism could not fully explain the reason that the
prevalence of OH in the elderly was much higher than that in
the young and middle-aged. In this study, PWV of OH patients
was significantly longer than that of the control group, indicating
that the vasoconstriction disorder of OH patients was also related
to the increase of vascular elasticity and stiffness, which was
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FIGURE 3 | (A) Comparison of time domain indicators of heart rate variability.

(B) Comparison of heart rate variability frequency domain indicators. OH,

orthostatic hypotension group; CON, control group. *P < 0.05, statistical

difference.

TABLE 5 | Comparison of qualitative frailty.

OH Group

(n = 108)

CON Group

(n = 64)

P-value

Qualitative frailty (Y/N) 60/48 (55.6%) 25/39 (39.1%) P = 0.04*

OH, orthostatic hypotension group; CON, control group.

*P < 0.05, statistical difference.

a good supplement to the above mechanism. Moreover, in the
multivariate regression model, it proved to be an independent
risk factor for OH. ABI reflects the stenosis of lower extremity
blood vessels. In this study, there was no significant difference
between the OH group and the control group, indicating that OH
had no correlation with artery stenosis.

FIGURE 4 | Comparison of FI. OH, orthostatic hypotension group; CON,

control group. *P < 0.05, statistical difference.

TABLE 6 | Logistic regression results of the relevant risk factors.

B SE Wald df Sig. Exp

(B)

95% CI for EXP(B)

Lower Upper

ABI −1.773 1.281 1.914 1 0.167 0.170 0.014 2.094

PWV 0.002 0.001 3.983 1 0.046* 1.002 1.000 1.004

SDNN −0.021 0.008 6.398 1 0.011* 0.979 0.963 0.995

SDANN 0.011 0.011 1.167 1 0.280 1.011 0.991 1.033

rMSSD −0.011 0.016 0.478 1 0.489 0.989 0.958 1.021

pNN50 −0.061 0.056 1.207 1 0.272 0.941 0.843 1.049

LF 0.223 0.151 2.199 1 0.138 1.250 0.931 1.680

HF −0.288 0.209 1.898 1 0.168 0.750 0.498 1.129

VLF −0.588 0.181 10.493 1 0.001* 0.556 0.389 0.793

LF/HF −5.898 2.471 5.695 1 0.017* 0.003 0.000 0.349

FI 4.440 1.968 5.091 1 0.024* 84.764 1.792 4009.700

B, coefficient; SE, standard error; Wald, card square; df, degree of freedom; OR,

odds ratio.

*P < 0.05, statistical difference.

In healthy individuals, the periodic changes of HRV were
accompanied by respiratory and blood pressure fluctuations (30).
Frequency domain and power spectral density (PSD) analysis
using FFT analysis were used to describe the oscillations in
RRi and convert them into discrete frequencies, which helped
us to understand the physiological mechanism of HRV (31,
32). The time domain parameter SDNN reflects the overall
situation of HRV (14). In frequency domain parameters, the
periodic changes associated with arterial blood pressure (ABP)
fluctuations occurred at LF of 0.10Hz and were considered
to be mediated by sympathetic nerves (33). Some experiments
indicated that SDANN and HF were parasympathetic mediated
(31). Through PSD analysis, the high- and low-frequency
components of HRV only accounted for 5% of the total
power recorded by HRV. The remaining 95% consisted of

Frontiers in Cardiovascular Medicine | www.frontiersin.org 7 November 2020 | Volume 7 | Article 603957

https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles


Li et al. A Retrospective Observational Study

two other frequencies, called the VLF band and the ULF
band (34). Recent studies had shown that the VLF band is
related to changes of peripheral chemical receptor activity,
thermoregulation mechanism, and fluctuation of the renin–
angiotensin system (RAAS), while the ULF band is considered
to reflect the oscillation caused by circadian rhythm (35). It is
controversial to attribute all LF-HRV oscillations to sympathetic
modulation (36, 37). Parasympathetic block also modulated the
LF oscillation of HRV (38). Nevertheless, the measurement
of HF-HRV and LF-HRV oscillations was considered to be a
measure of sympathetic balance (33). In our experiment, we
found that there was no significant difference in RMSSD and
HF between the two groups, suggesting that the occurrence
of OH is not related to the enhancement of parasympathetic
activity. We also found that SDNN in the time domain and LF,
VLF, and LF/HF in the frequency domain decreased significantly
in the OH group (P < 0.05). In multiple regression analysis,
SDNN, LF, VLF, and LF/HF were all predictors of OH (P <

0.05), and LF/HF was strongly correlated. It is suggested that the
pathogenesis of OH is related to the imbalance of sympathetic
and parasympathetic nerves.

In clinical practice, we found that the incidence of OH patients
was significantly related to their age. Therefore, in this study, we
specially set an indicator “frailty” to reflect the comprehensive
state of the elderly, and the results were consistent with our
assumption. In the qualitative index of frailty, the percentage
of frailty in the OH group (55.6%) was higher than that in
the control group (39.1%) and had statistical significance (P =

0.04). In the quantitative index of frailty, there was significant
difference between the two groups (P < 0.05). The OH group
was significantly higher than the control group, indicating that
frailty was related to OH. The results of the subsequent regression
equation (P = 0.024, OR = 84.76) also showed that FI is a
predictor of OH. The relationship between them was linear
and parallel.

Through this retrospective analysis, we proved that the
pathogenesis of OH is related to vascular stiffness, imbalance of
autonomic nerve regulation and its comprehensive health status
in elder. This helps us to further understand the disease and
provide us with thinking on the prevention and treatment of OH
in clinical work.

Limitations
OH is a state of disease. Its pathogenesis is complex. The
observation indicators in this study are limited, and it is difficult
to fully reflect its mechanism. It can only be discussed from
clinical phenomena. At the same time, there are not many
selected cases, and there may be errors in the conclusion. In
the future, it is envisaged to formulate a more rigorous research
program, conduct large-scale multi-center research, and discuss
the pathogenesis of OH more accurately and comprehensively,
providing evidence for clinical prevention, prediction, and
treatment of OH.

CONCLUSION

The pathogenesis of OH is related to arterial stiffness, imbalance
of autonomic nerve regulation, and FI in the elderly. Many
parameters in HRV that reflect autonomic nerve function are
the predictor of OH, and the FI is closely related to OH.
Indicators that reflect arteriosclerosis cannot be confirmed as an
independent predictor of OH.
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