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Abstract: This study investigated the relationship between blood pressure, blood glucose, blood lipids, body mass
index (BMI), waist circumference (WC), and various indexes of salivary cortisol in obese patients with hypertension in the Uygur region of Western China. A survey of approximately 150 people was carried out, individuals were
place in 4 groups: obese hypertension, obesity with no hypertension, non-obese hypertension, and healthy subjects.
Their saliva was collected, and the cortisol value was measured 10 times a day. The cortisol secretion curves were
expressed as the cortisol concentrations upon awakening, the cortisol awakening response (CAR), and the early
and late cortisol decline. Systolic blood pressure (SBP) was positively correlated with cortisol concentrations at 30
min post-awakening and negatively correlated with cortisol concentrations at 18:00, 24:00, and bedtime. Diastolic
blood pressure (DBP) had a negative correlation with the early cortisol decline. Fasting blood glucose (FBG) was
negatively correlated with cortisol concentrations at 23:00, 24:00, bedtime, and the full area under curve (AUC).
Triglyceride (TG) in the blood lipids was positively associated with cortisol at 16:00, while it was negatively associated with the late decline. High-density lipoprotein cholesterol (HDL-C) had a positive correlation with the early decline.
BMI negatively correlated with cortisol concentrations at bedtime and positively with cortisol concentrations at 60
min post-awakening. The relationship between the WC and cortisol concentrations at bedtime was negative; the
CAR was negatively related with awakening cortisol and its early decline, while it was positively related with cortisol
concentrations at 30 and 60 min post-awakening and the AUC of its early decline; the correlation was the strongest
with the cortisol concentrations at 30 min post-awakening (r=0.657, P<0.01). Among the cortisol gradients, early
decline had a positive correlation with HDL-C and a negative correlation with the CAR, while its late decline had a
negative correlation with TC. The salivary cortisol curves of the patients in the obesity with no hypertension group
were higher compared with those of the other 3 groups. Our study provided the basic data of the salivary cortisol
secretion patterns of obese Uygur patients with hypertension and controls.
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Introduction
Because of its special geographical environment, dietary structure (high salinity, high fat),
and national characteristics, the hypertension
incidence in the Xinjiang area ranks the highest
in China. Further, hypertension has become a
disease with an extremely high incidence in
Xinjiang [1], known for its obvious ethnic differences [2]. The incidence of being overweight or
obese is way above the national average, and
Uygur is a high-risk group for being overweight
and having abdominal obesity [2]. Since being

overweight is related with BMI, and is an independent hypertension risk factor, obese hypertension is rapidly gaining popularity as a research focus [3-6].
Cortisol is an adrenocortical hormone synthesized from the adrenal cortex, and it has a
strong effect on carbohydrate metabolism. It is
also the terminal product of the hypothalamuspituitary-adrenal (HPA) axis and can directly
reflect its own action. There have been a number of publications demonstrating that the increase of cortisol is an important mechanism
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leading to hypertension [7, 8]. However, some
studies suggest that cortisol has nothing to do
with hypertension but is related to blood glucose [9] or blood pressure and blood lipids [10].
Cortisol’s normal metabolism follows certain
physiological rhythms, and abnormal secretion
can induce a variety of diseases. Since cortisol
secretion is pulsatile, it varies in terms of both
time and quantity. At present, it is hard to
explore the relationship between the HPA axis
and chronic stress and metabolic disorders
(obesity, diabetes, cardiovascular disease) only
by examining plasma cortisol [10]. Furthermore,
since the detection of cortisol secretion is susceptible to various factors, each with large fluctuations, it is of practical importance to use
multiple sampling techniques and comprehensive analyses using various indexes.
Salivary cortisol (SC) is derived from biologically
active free-state cortisol in the blood, diffusing
into the saliva by passing through the salivary
glands’ acinar cells. Because SC has prominent
liposoluble properties and easy diffusion, it is
free from the saliva flow rate, close to the freestate cortisol concentration in the blood, displays a circadian periodicity, and it can be conveniently detected; therefore, it is currently
good metric for researchers to use to evaluate
HPA axis changes [11, 12]. Although many
intensive studies about related diseases and
the means of detecting cortisol have been conducted by domestic and foreign scholars, no
broad consensus has been reached. The relationship between cortisol and blood pressure,
blood glucose, blood lipids, and obesity remains
unsolved. Hence, our research seeks to find the
correlation of blood glucose, blood lipids, blood
pressure, BMI, WC, and the SC value its secretion curve using a multipoint measurement of
cortisol and a subsequent multiparameter
evaluation.
Material and methods
General data
The data sources were derived from patients in
a traditional Chinese medicine hospital in the
Xinjiang Uygur Autonomous Region and from
people in a medical examination center. A total
of 150 patients were selected in this study,
which were divided into 4 different groups.
Every five years was regarded as an age bracket. To ensure a homogenous age distribution,
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there were 12 people in each age bracket in the
healthy group, while there were 6 people in
each age bracket in the other 3 groups.
Inclusion criteria
All the subjects involved in the study gave consent with signed informed consent. The surveyed patients were aged from 40 to 64 years
old. The diagnostic criteria for hypertension
were the following: blood pressure values
SBP≥140 mmHg and/or a DBP≥90 mmHg. The
diagnostic criteria of obesity were a BMI =
weight/height2, with a measuring unit of kg/m2.
The normal BMI (kg/m2) of Chinese adults
was 18.5-24; while 24≤BMI<28 was considered overweight, a BMI≥28 represented obesity. When WC was used as a judging criterion, a
WC≥90 cm for males or a WC≥85 cm for
females was classified as obesity [13, 14].
Patients meeting the following conditions were
excluded from this study: 1) patients with serious heart, brain, liver, and kidney diseases and
hematopoietic system diseases; 2) patients
with mental disorders accompanied by anxiety,
depression, and those who could not express
themselves; 3) patients involved in other clinical trials.
Determination methods
Determination of blood pressure
Clinical blood pressure measurements were
performed in all involved patients. An appropriate cuff size was selected to avoid pseudohypertension, as the airbag wrapped at least 80%
of the upper arm. For the majority of adults with
an arm circumference of 25-35 cm, the standard cuff (the airbag was 22-26 cm long and 12
cm wide) was adopted. At present, the airbag
specifications of the domestic commercial mercury sphygmomanometer were 22 cm in length
and 12 cm in width. For an arm circumference
of 35-44 cm, the cuff airbag should be 38×16
cm2; for an arm circumference of 45-52 cm, the
cuff airbag should be 42×20 cm2. The clinical
blood pressure was measured and recorded
using the right arm blood pressure with the cuff
at the same height as the heart in a sitting position after calm rest for 15 min. The measurement was repeated 3 times continuously, with
the average value recorded as the patient’s
clinical blood pressure.
Int J Clin Exp Med 2019;12(11):12874-12885
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Determination of blood glucose and blood
lipids
Three microliters of morning fasting blood were
extracted from each subject’s cubital vein and
detected by an automatic biochemical analyzer
using the clinically modified enzyme method.
Determination of height, weight, and WC
Determination of height: the measurement gauge was fixed perpendicular to the ground. The
subjects removed their shoes and stood upright
with heels together and close to the gauge. The
shoulders and hips were also close to the
gauge. Next, the survey crew put a square on
the subject’s head, with one right-angle side
close to the gauge while the other side was
close to the subject’s scalp. The reading on the
gauge was read with an accuracy of 0.5 cm.
Determination of weight: The weight of all subjects was measured by a standard weighting
scale after correction. The subjects fasted,
removed their shoes, wore only thin clothes
with the body relaxed, and stood upright in the
middle of the scale. The reading on the scale
was read by a survey crew with an accuracy of
0.5 kg.
Determination of WC: The subjects stood upright with feet spread apart (30-40 cm). The
measurements were performed with a soft
leather ruler (without elasticity) at 1 cm above
the navel. The leather ruler was put close to the
skin surface without compression on the soft
tissue. The WC length was measured at the end
of normal expiration with an accuracy of 0.5
cm.
Determination of salivary cortisol
The samples were collected 10 times within 24
h (at awakening, 30 min post-awakening, 60
min post-awakening, 120 min post-awakening,
16:00, 17:00, 18:00, 23:00, 24:00, and at
sleep). The awakening and sleep times were
recorded with telephone or message reminders
of the sample collection. To avoid the cortisol
secretion being induced by blood contamination or food, tooth brushing or food consumption was avoided 15 min before sampling.
Subjects were informed they were allowed to
keep the swabs, and the saliva samples were
kept in a freezer at -20°C. Before detection, the
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samples were unfrozen and centrifuged at
3000 rpm for 3 min. The analysis process was
performed by a full-automatic chemiluminescence immunoassay analyzer with machinematching reagents and a chemiluminescence
sequence.
Statistical analysis
All the index data were inputted in Excel forms
immediately after determination and analyzed
using the SPSS 22.0 statistical software. A
Shapiro-Wilk (S-W) test was adopted for the
normality test, with an inspection level of
α=0.05. Because the cortisol values showed a
non-normal distribution, it was analyzed with a
nonparametric test. The comparison between
the mean values of multiple groups was carried
out by a single-factor multiple-sample variance
analysis. Correlations between the variables
were analyzed by a correlation analysis, with
P<0.05 indicating relevance. The comparison
of the data distribution constituent ratio was
analyzed by a χ2 test. To obtain all the correlation curves of the circadian rhythm changes,
the data were made into model curves by origin. The whole day cortisol data was a timefunction model, taking advantage of the awakening time as the cutoff point. The slope of the
curves in different time periods was acquired
by linear fitting, and the AUC values were calculated by integral operation.
Results
Metabolic syndrome of obese patients with
hypertension
There is variation in blood pressure, blood glucose, blood lipids, BMI, and WC in Uygur patients with hypertension or obesity. The results
showed there were significant differences in
BMI, WC, SBP, DBP, and TG between the 4
groups. The entire obese group had higher
BMIs and WCs, which were unrelated to hypertension. The group with hypertension showed
elevated SBPs and DBPs. Meanwhile, obesity
and hypertension are closely related to serum
TG levels. Since obesity induced the TG elevation, hypertension likely does not contribute to
down-regulating TG levels (P<0.05, Table 1).
We found that the awakening time and sleep
time in the 4 groups were distributed evenly
without any statistically significant difference
(P>0.05, Table 2).
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Table 1. The comparison of age, obesity, blood pressure, and blood glucose relevant data between
different groups
Variables
Age (years)
BMI (kg/m2)
WC (cm)
SBP (mmHg)
DBP (mmHg)
FBG (mmol/L)
TG (mmol/L)
TC (mmol/L)
HDL-C (mmol/L)
LDL-C (mmol/L)

Healthy
52.32±7.70
22.03±1.56
82.28±5.02
117.32±8.15
72.80±6.96
5.27±1.64
1.68±1.26
4.54±0.96
1.01±0.31
2.48±0.70

Groups
Obese
Obesity with no
hypertension
hypertension
53.50±7.91
52.63±7.02
31.83±2.98
31.80±2.62
109.07±10.06
114.43±9.77
143.97±15.48
125.33±9.64
87.60±10.31
76.83±8.36
6.24±2.23
6.10±2.14
1.83±0.90
2.84±2.48
4.72±1.18
4.72±1.12
1.00±0.29
1.03±0.38
2.78±0.88
2.51±0.79

Non-obesity
hypertension
52.66±7.44
22.33±1.65
83.37±5.87
149.50±13.73
87.00±11.72
5.83±1.65
2.10±0.89
4.28±1.14
0.97±0.44
2.24±0.75

F

P

1.170
214.872
184.006
70.290
26.732
2.348
4.290
1.091
0.137
2.494

0.916
<0.0001
<0.0001
<0.0001
<0.0001
0.0751
0.006
0.355
0.938
0.062

BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting
blood glucose; TG, triglyceride; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol; AUC, area under curve.

Table 2. The χ2 test of awakening, sleep time and taking β receptors or not between different groups
Variables
Awakening time distribution

Sleep time distribution

Taking β receptors or not

Classification

Healthy

6:30-6:59

0 (0.00%)

0 (0.00%)

1 (0.00%)

0 (0.00%)

7:00-7:29

8 (5.33%)

1 (0.67%)

6 (4.00%)

6 (4.00%)

7:30-7:59

15 (10.00%)

13 (8.67%)

11 (7.33%)

8 (5.33%)

8:00-8:29

26 (17.33%)

14 (9.33%)

10 (6.67%)

10 (6.67%)

8:30-8:59

7 (4.67%)

0 (0%)

1 (0.67%)

5 (3.33%)

9:00-9:29

4 (2.67%)

2 (1.33%)

1 (0.76%)

1 (0.67%)

23:30-23:59

1 (0.67%)

0 (0%)

1 (0.67%)

0 (0%)

00:0-00:29

22 (14.67%)

10 (6.67%)

7 (4.67%)

7 (4.67%)

00:30-00:59

22 (14.76%)

14 (9.33%)

14 (9.33%)

20 (13.33%)

1:00-1:29

13 (8.67%)

6 (4.00%)

7 (4.67%)

3 (2.00%)

1:30-1:39

2 (2.00%)

0 (0%)

1 (0.67%)

0 (0%)

Taken

-

25 (41.67%)

-

24 (40%)

Not taken

The salivary cortisol level of obese patients
with hypertension
Next we studied the cortisol throughout the
day, and collecting times, and evaluated changes in the CAR, cortisol at night, and the cortisol
slope. According to the detection of the whole
day SC secretion curve and indexes (Figure 1),
further analysis found that the differences in
the cortisol values at 60 min post-awakening,
18:00, 23:00, 24:00, and before sleep were
statistically significant (P<0.05) in 4 groups,
while there were no statistically significant differences in the CAR and AUC between the different groups (Table 3). The entire day cortisol
12877

Groups
Obese
Obesity with no Non-obesity
hypertension hypertension hypertension

5 (8.335%)

χ2

P

18.967 0.215

11.207 0.511

0.111

0.739

6 (10%)

peak was at 30 min post-awakening and dropped gradually. The whole day SC curve of the
healthy group was relatively low and flat. There
was no significant difference between the SC
curves of the obese hypertension and nonobese hypertension groups. Moreover, the SC
curve of the obesity with no hypertension group
shifted up when compared to that of other
groups (Figure 2).
The correlation between metabolic syndrome
and the salivary cortisol level
BMI negatively correlated with cortisol concentrations at bedtime and positively with cortisol
Int J Clin Exp Med 2019;12(11):12874-12885
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Figure 1. The whole day secretion curve of salivary
cortisol and marked indexes (15). A. Awakening cortisol at time zero; B. Cortisol awakening response
(CAR) denoting rise from awakening to 30 min postawakening; C. Early decline from 30 min post-awakening to 2 h post-awakening; D. Late decline from
2 h post-awakening to bedtime; E. Area under curve
(AUC) for CAR; F. AUC for early decline; G. AUC for late
decline. The full AUC is the sum E+F+G.

concentrations at 60 min post-awakening. The
relationship between WC and the cortisol concentrations at bedtime was negative; SBP positively correlated with the cortisol concentrations at 30 min post-awakening and negatively with the cortisol concentrations at 18:00,
24:00, and bedtime. DBP had a negative correlation with the early cortisol decline, but the
correlations were not high. BMI, WC, and blood
pressure were not related to cortisol’s AUC and
CAR (Table 4). Our results showed that: 1) SBP
had a positive correlation with SC at 30 min
post-awakening, while it was negatively correlated to cortisol at 18:00, 23:00, 24:00, and
before sleep; 2) DBP displayed a negative relation with the early decline slope, but the relevance was not high; 3) There was no statistically significant difference of the relevance
between the full AUC of the SC secretion curve
and SBP or DBP.
Metabolic disorder was a risk factor for hypertension. However, the relationship between SC
and metabolic syndrome is still unknown. Data
showed that FBG negatively correlated with
cortisol concentrations at 23:00, 24:00, and
bedtime and with the full AUC. TG in the blood
lipids positively associated with cortisol at
16:00, while it was negatively associated with
the late decline. Throughout this study, we
found that the CAR had a negative correlation
with awakening cortisol and a positive correlation with the early decline AUC. In addition, the

12878

CAR was independent of the full AUC of the
whole day cortisol secretion curve. Consistent
with the results of Golden SH, a higher CAR had
a significant correlation with a lower awakening
cortisol and a higher AUC of the early descending curve but had nothing to do with its full AUC.
Meanwhile, we found that the CAR related negatively to the early decline slope but positively
to cortisol at 60 min post-awakening and particularly at 30 min post-awakening, with a significant positive correlation. HDL-C had a positive correlation with the early decline slope
(Table 5).
Evaluation of the correlation between the CAR,
AUC, and salivary cortisol levels
The CAR was negatively related with awakening
cortisol and its early decline, while it was positively related with cortisol concentrations at 30
and 60 min post-awakening and the AUC of its
early decline. The correlation was the strongest
with the cortisol concentrations at 30 min postawakening (r=0.657, P<0.01). Moreover, the
CAR was unrelated to the full AUC of cortisol
and cortisol at night (Table 6).
The full AUC related to all the SC curve parameters except the CAR and the early and late
decline, with correlations arranged from highest to lowest, as follows: the late decline AUC,
cortisol at 16:00, 18:00, 120 min post-awakening, 17:00, and so on (Table 7).
Discussion
Our study mapped the numerical range and SC
secretion curves of Uygur patients with obesity,
hypertension and controls. The correlations
between cortisol and blood pressure, blood
glucose, blood lipids, BMI, WC, and fluctuating
SC variables were analyzed. We will concentrate on the results from the detection index of
relevant metabolic syndromes and cortisol, different parameters of evaluating cortisol levels,
and multifactor influences on the detections
of the correlations between cortisol and blood
pressure, blood glucose, blood lipids, and
obesity.
It has been widely accepted that obesity and
hypertension lead to metabolic disorder and
induces abnormalities in blood pressure, blood
glucose, blood lipids, BMI, WC, and SC. First,
we evaluated metabolic syndrome changes in
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Table 3. The comparison of salivary cortisol, and its slope, AUC of curves between different groups
SC

Healthy

Obese hypertension

Obesity with no
hypertension

Non-obesity
hypertension

χ2

P

Awakening

0.295 (0.123 0.508)

0.275 (0.120 0.460)

0.340 (0.258 0.548)

0.210 (0.078 0.435)

5.480

0.139

30 min post-awakening

0.295 (0.130 0.618)

0.420 (0.298 0.683)

0.525 (0.315 0.688)

0.415 (0.200 0.570)

7.435

0.059

60 min post-awakening

0.265 (0.123 0.408)

0.310 (0.215 0.413)

0.405 (0.260 0.548)

0.290 (0.165 0.443)

9.322

0.025

120 min post-awakening

0.240 (0.120 0.348)

0.190 (0.108 0.330)

0.265 (0.158 0.343)

0.175 (0.088 0.303)

2.876

0.411

16:00

0.165 (0.090 0.293)

0.160 (0.120 0.253)

0.165 (0.128 0.273)

0.140 (0.095 0.195)

2.621

0.454

17:00

0.170 (0.073 0.238)

0.155 (0.098 0.248)

0.155 (0.095 0.250)

0.120 (0.068 0.190)

4.482

0.214

18:00

0.130 (0.090 0.180)

0.100 (0.050 0.163)

0.090 (0.050 0.183)

0.060 (0.030 0.120)

10.742

0.013

23:00

0.080 (0.040 0.148)

0.080 (0.040 0.140)

0.060 (0.030 0.118)

0.030 (0.020 0.075)

10.644

0.014

24:00

0.080 (0.040 0.140)

0.040 (0.010 0.095)

0.030 (0.020 0.070)

0.020 (0.010 0.075)

10.277

0.016

Before sleep

0.090 (0.020 0.208)

0.020 (0.010 0.070)

0.015 (0.010 0.120)

0.010 (0.010 0.1325)

11.895

0.008

CAR

0.090 (-0.220 0.380)

0.300 (-0.190 0.655)

0.270 (-0.165 0.565)

0.270 (-0.065 0.745)

3.641

0.303

Slope of early decline

-0.040 (-0.214 0.031)

-0.152 (-0.279 -.002)

-0.175 (-0.305 -0.075)

-0.099 (-0.207 -0.039)

3.715

0.294

Slope of late decline

-0.007 (-0.014 -0.002)

-0.121 (-0.017 -0.006)

-0.013 (-0.020 -0.009) -0.007 (-0.020 -0.002)

3.547

0.315

0.198 (0.091 0.318)

0.563 (0.350 0.856)

AUC of early decline

0.420 (0.199 0.652)

AUC of late decline

2.538 (1.543 3.356)

full AUC

3.055 (2.151 4.438)

AUC of CAR

0.245 (0.170 0.343)

0.198 (0.138 0.264)

3.649

0.302

0.463 (0.367 0.625)

0.573 (0.399 0.749)

0.433 (0.260 0.594)

3.458

0.326

1.941 (1.267 2.912)

2.060 (1.626 3.059)

1.731 (1.109 2.507)

6.346

0.096

2.557 (1.802 3.717)

2.887 (2.375 3.962)

2.218 (1.843 3.614)

5.754

0.124

Figure 2. The whole day secretion curve of salivary
cortisol of four different groups. Black: healthy group;
green: non-obesity hypertension group; red: obese
hypertension group; blue: obesity with no hypertension group.

patients with obesity and hypertension to determine the validity and correctness of the different groups. Second, our research further
explored whether there is a specific relevance
between cortisol and metabolic syndrome. It is
known that elevated cortisol is one of the
important mechanisms giving rise to hypertension [7, 15]. A diurnal cortisol variation is a significant predictor of blood pressure variability.
There was a positive correlation between cortisol and DBP and mean arterial pressure,
although others have also demonstrated that
cortisol is not related to hypertension [16]. In
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our research, the data proved the positive correlation between cortisol and hypertension, in
accordance with many studies. In fact, numerous confounding factors posed formidable
obstacles to clearly pointing out definite relationships. Therefore, we also considered the
impact of blood glucose on cortisol. It is widely
believed that hyperglycemia and insulin resistance can induce the dysfunction of the HPA
axis, resulting in cortisol hypersecretion [17].
According to our study, FBG was negatively correlated with cortisol at night and the AUC. Some
studies shared the same detecting points with
ours; their results were as follows: the blood
cortisol concentration in elderly patients with
T2DM positively correlated with FBG [18]. In
clinical, there were also some T2DM patients who did not show elevated or lower cortisol levels. On one hand, the blood glucose
fluctuation might disturb the normal hormone
secretion rhythm of the HPA axis, leading to
pituitary injury or dysfunction and cortisol
secretion disorders. On the other hand, due to
insufficient HPA axis function and cortisol
hyposecretion, hyperglycemic hormones may
not be quickly employed to elevate glucose
levels in a hypoglycemia condition. As a result,
negative feedback regulation mechanism are
forced to launch, which gives rise to a hyperglycemia state after hypoglycemia by increasing the secretion of hyperglycemic hormones
and increasing the blood glucose volatility.
Further research is needed to discern which
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Table 4. The correlation between BMI, WC, SBP, DBP and values, slopes, AUC of salivary cortisol
SC
Awakening
30 min post-awakening
60 min post-awakening
120 min post-awakening
16:00
17:00
18:00
23:00
24:00
Before sleep
CAR
Slope of early decline
Slope of late decline
AUC of CAR
AUC of early decline
AUC of late decline
full AUC

BMI
r
0.054
0.140
0.175
0.012
0.081
0.133
0.009
0.068
-0.124
-0.172
0.063
-0.093
-0.033
0.065
0.088
0.030
0.051

WC
P
0.514
0.087
0.032
0.883
0.324
0.104
0.911
0.408
0.135
0.036
0.443
0.638
0.686
0.432
0.283
0.717
0.538

r
0.108
0.117
0.156
0.014
0.048
0.068
-0.064
0.005
-0.120
-0.211
0.007
-0.008
-0.084
0.136
0.060
-0.015
0.011

SBP
P
0.188
0.153
0.056
0.867
0.561
0.406
0.440
0.948
0.146
0.009
0.933
0.923
0.310
0.098
0.468
0.852
0.893

r
0.022
0.165
0.094
0.029
-0.013
-0.047
-0.204
-0.138
-0.207
-0.164
0.152
-0.105
0.069
0.076
0.019
-0.089
-0.062

P
0.787
0.044
0.252
0.728
0.872
0.564
0.013
0.093
0.012
0.046
0.064
0.203
0.399
0.352
0.815
0.278
0.449

DBP
r
-0.045
0.079
0.082
-0.050
-0.007
-0.010
-0.110
-0.046
-0.112
-0.154
0.103
-0.169
-0.003
0.052
0.052
-0.115
-0.087

P
0.584
0.336
0.316
0.543
0.930
0.907
0.182
0.577
0.175
0.060
0.209
0.039
0.970
0.525
0.526
0.162
0.289

Table 5. The analysis of correlation between blood glucose, blood lipids and cortisol, slopes and AUC
of cortisol curves
FBG
r
P
Awakening
-0.030 0.716
30 min post-awakening -0.049 0.549
60 min post-awakening -0.021 0.795
120 min post-awakening -0.046 0.577
16:00
-0.065 0.430
17:00
-0.115 0.164
18:00
-0.134 0.103
23:00
-0.293 0.001
24:00
-0.263 0.001
Before sleep
-0.287 0.001
CAR
-0.036 0.661
Slope of early decline
-0.016 0.844
Slope of late decline
-0.144 0.157
AUC of CAR
-0.033 0.691
AUC of early decline
-0.155 0.059
AUC of late decline
-0.150 0.068
full AUC
-0.184 0.024
SC

TC
r
-0.081
0.068
0.136
0.029
0.217
0.047
0.021
-0.078
0.023
-0.053
0.111
-0.122
-0.190
-0.044
0.055
0.071
0.073

time point is best for determining the correlation between cortisol and blood glucose under
the functioning of multisystem and multi-hormone secretion. Irrespective of the result, considering cortisol as an evaluation index for
blood glucose control was at least meaningful
12880

P
0.329
0.411
0.099
0.725
0.008
0.570
0.802
0.345
0.780
0.521
0.178
0.141
0.021
0.595
0.505
0.392
0.379

TG
r
P
-0.083 0.318
0.044 0.593
-0.023 0.779
-0.025 0.761
0.065 0.436
0.030 0.722
0.064 0.440
0.001 0.992
-0.007 0.938
-0.018 0.832
0.097 0.239
0.045 0.587
-0.049 0.558
-0.104 0.209
0.068 0.412
0.049 0.551
0.014 0.862

HDL-C
r
P
-0.003 0.967
-0.023 0.781
-0.125 0.130
0.016 0.848
-0.027 0.745
-0.071 0.388
0.004 0.958
-0.014 0.870
0.003 0.968
0.041 0.619
0.009 0.915
0.221 0.007
0.143 0.084
-0.071 0.390
-0.047 0.567
-0.014 0.870
-0.039 0.634

LDL-C
r
P
-0.019 0.822
0.043 0.605
-0.064 0.440
0.076 0.356
-0.026 0.753
-0.009 0.918
-0.017 0.835
-0.040 0.630
-0.035 0.671
-0.027 0.749
0.042 0.614
0.134 0.105
0.064 0.437
-0.043 0.605
0.085 0.306
0.042 0.610
0.024 0.773

for the optimization of individual treatment.
Further, atypical cortisol rhythms were associated with lipid metabolism. Lipid metabolism
disorder is a risk factor for hypertension. Moreover, patients with obese hypertension also
have accompanying dyslipidemia. It is believed
Int J Clin Exp Med 2019;12(11):12874-12885
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Table 6. The correlation between CAR and
cortisol values at different times, slope, AUC
of cortisol curves

Table 7. The correlation between full AUC and
cortisol values at different times, slope, AUC
of cortisol curves

SC
Awakening
30 min post-awakening
60 min post-awakening
120 min post-awakening
16:00
17:00
18:00
23:00
24:00
Before sleep
Slope of early decline
Slope of late decline
AUC of CAR
AUC of early decline
AUC of late decline
full AUC

SC
Awakening
30 min post-awakening
60 min post-awakening
120 min post-awakening
16:00
17:00
18:00
23:00
24:00
Before sleep
CAR
Slope of early decline
Slope of late decline
AUC of CAR
AUC of early decline
AUC of late decline

r
0.351
0.657
0.256
0.111
0.031
0.112
0.055
0.075
-0.052
-0.117
-0.268
0.039
-0.114
0.238
0.065
0.096

P
<0.01
<0.01
<0.01
0.176
0.702
0.174
0.504
0.364
0.533
0.154
0.01
0.637
0.165
0.003
0.430
0.243

that the effect of cortisol on lipid metabolism is
to mobilize fat, promote TG decomposition to
inhibit fat synthesis, and prevent the conversion of glucose into fat by entering the adipocytes. Because cortisol also plays roles in inhibiting glucose utilization and enhancing hepatic
gluconeogenesis and subsequently increasing
blood glucose levels, stimulating increased
insulin secretion promoted fat synthesis and
induced dyslipidemia. One of the clinical manifestations of patients with elevated cortisol is
hyperlipidemia. However, the relationship between some blood lipid indexes and cortisol is
still unclear. We found that cortisol at 16:00
was positively correlated to TG while negatively
correlated to the slope of the late decline curve.
HDL-C had a positive relation with the slope of
the early decline curve, which is consistent with
the previous study. Abdominal obesity was positively related to TG, while it had a negative correlation with HDL-C and had nothing to do with
TC and LDL-C [27]. Blood lipid and cortisol levels function together to maintain the balance of
body metabolism under normal conditions, but
abnormity appeared since they were also
affected by numerous disease and non-disease
factors. Hence, it is difficult to study the relationship between them. Further and more comprehensive clinical and scientific research must
be conducted in the future.
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r
0.281
0.327
0.383
0.673
0.708
0.616
0.694
0.557
0.522
0.432
0.096
0.124
0.045
0.265
0.414
0.968

P
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
0.243
0.130
0.583
<0.01
<0.01
<0.01

The 2010 Chinese Guidelines for the Management of Hypertension illustrated that BMIrelated extra body weight was an independent
risk factor for hypertension [14]. With the
increase in BMI, body fat would increase, thereby affecting the secretion of cortisol [8]. Patients with abdominal obesity might have abnormal HPA axis function. According to our
research, BMI was negatively related to cortisol
before sleep, while it was positively related to
cortisol at 60 min post-awakening. A previous
obesity-themed study showed that, in overweight and obese subjects with at least two
signs of Cushing’s syndrome, SC tended to
increase with an increasing BMI [19]. But
another large population study of obese and
nonobese patients divided by BMI=25 kg/m2
found that higher BMI levels were associated
with lower cortisol levels [20]. There is controversy regarding the relationship between the
cortisol and BMI of T2DM patients [21].
Moreover, with the BMI increase and corresponding increase in male WC and female SBP
and SC, presented as an increasing trend [2224]. The difference between our results and the
previous studies’ might stem from the small
sample size, a single ethnic group, or the wrong
use of a single cortisol index as an indicator to
replace or clearly reflect the cortisol rhythm.
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Because of the great diurnal changes in cortisol secretion, it is difficult to reflect cortisol
secretion using a single cortisol detection,
which requires a comprehensive analysis of
various indicators, including the CAR, cortisol
at night, cortisol slope, whole day cortisol, and
multiple collecting times [8, 19, 24, 25]. The
CAR is an increase of cortisol within 30-45 min
post-awakening, thought to be a distinct facet
of the circadian cortisol rhythm associated with
various health conditions and risk factors [19],
and it is an effective index to evaluate the HPA
axis in behavioral research. An abnormal CAR
(high or blunt) is associated with certain neuropsychological or metabolic disorders. Nevertheless, it is still unclear whether the CAR
angle (steep or shallow) is related to the full-day
cortisol load, especially whether the CAR can
be used as a detection index of cortisol secretion. If the CAR cannot reflect the HPA axis function and the full-day cortisol secretion, it is
important to discern whether other cortisol circadian rhythm indicators (awakening cortisol,
bedtime cortisol, diurnal cortisol slope) can
reflect the full-day cortisol secretion. There
were studies suggesting that cortisol at 23:00
or bedtime should be adopted because it was
associated with the full AUC of the whole day
cortisol secretion and was a reliable measuring
time point that could at least partly reflect cortisol secretion throughout the day. Although
awakening cortisol was also associated with
the full AUC of the whole day cortisol secretion,
the study showed that an individuals’ awakening cortisol stability was lower than that before
bedtime. The levels of cortisol in the night and
the CAR were the indexes of evaluating the
adrenal cortex function [12]. In our study, cortisol at night was unrelated to the CAR but was
related to the full AUC. Combined with domestic
and foreign research, it was considered that
nocturnal cortisol could be used as a potential
representative of the whole day cortisol secretion, and the combination of the CAR and curve
slope can be used for simultaneous assessment of the whole day cortisol secretion.
However, a recent report suggested that cortisol at 23:00 could replace cortisol at 24:00
[26]. From the results of a nonclinical population, it was suggested that the flat slopes in SC,
particularly in the raised evening cortisol levels,
were a robust predictor of cardiovascular mortality in middle-aged adults [14]. One study
stated that whether the present cortisol acqui-
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sition time was a higher longitudinal cortisol
secretion time could not be determined, as it
was a cross-sectional study. Some researchers
used cortisol at different collection times of
15, 30, 45, and 60 min post-awakening to
define the CAR [27, 28]. Since which indexes
has the maximum correlation with the whole
day cortisol secretion is still controversial, in
our research, we used one or a few data points
in the SC secretion curve to find which indexes
have the maximum meaningful correlation with
the SC curve. Studies showed that the full AUC
of the cortisol secretion curve was significantly
related to awakening cortisol, cortisol before
sleep, and the AUC of other curves. Bedtime
cortisol showed the strongest correlation with
the whole day cortisol secretion, which could
be used as a detection index of the whole day
cortisol release amount [17]. Herein, we used
cortisol at 30 min post-awakening to calculate
the CAR. In conclusion, the AUC was related to
all the SC curve parameters except the CAR
and the slopes of the early and late decline. The
following sequence was ordered from highest
correlation to lowest: the AUC for late decline,
cortisol at 16:00, 18:00, 120 min post-awakening, 17:00, and so on. The correlation between
the AUC and multiple cortisol parameters,
which can be used as an index reflecting the
whole day cortisol secretion, requires further
study. Studies have shown that the cortisol
slopes of two consecutive days were relatively
stable, without significant gender differences
[29, 30]. However, flat slope or elevated cortisol
levels at night might be related to stress, longterm chronic stress stimulation, and injury of
the HPA axis or feedback sensitivity. The low
variability and flat slope of the whole day cortisol might reflect excessive stimulation of the
HPA axis in the early stage and cortisol storage
in the visceral adipose tissue stimulated by a
high concentration of plasma cortisol. Low cortisol values with a small fluctuation range
throughout the day were found in healthy subjects. While Kumari et al, held that most people
with a high or low BMI and WC might display a
relatively flat SC slope [25], it should be considered that healthy subjects might be more sensitive to hormone secretion feedback and negative feedback coordination, which can be controlled in a dynamic equilibrium within a certain
range. In the description of the relationship between disease detection and other cortisol
parameters, we only found that the early de-
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cline slope was positively correlated with HDL-C
and negatively correlated with the CAR. The
negative correlation between the late slope
and TC was also confirmed.
Cortisol rhythm was affected by different factors, such as age, sex [31], working day and
weekend, lighting time, season, sunrise time,
and race, all of which affect the level of cortisol
secretion [32]. The time of sunrise, season, and
cortisol collection were the most important factors influencing median cortisol. Meanwhile,
the descriptive characteristics of cortisol in
relation to age and gender were discovered by
cross-sectional study. Other findings included
generally higher cortisol levels in women than
in men of all ages. Older age was significantly
associated with higher levels in both genders.
Moreover, the strong correlation between
abdominal obesity, a low awakening cortisol,
and a low variability of whole day cortisol was
only found in women [31]. Thus, it can be seen
that confounding factors still play an important
role in the present study. If we study the relationship between cortisol and blood pressure,
blood glucose, blood lipids, and obesity, more
confounding factors should be controlled and
result in more accurate conclusions using multifactor analysis.
Although many studies have shown that there
is a correlation between cortisol levels and
blood pressure, blood glucose, blood lipids,
and obesity, there are still many disputes since
the results are inconsistent. Though a large
number of studies have shown that cortisol
plays a role in people with cardiovascular or
metabolic disorders, establishing an exact correlation between them is difficult. The inconsistent results may be due to the different research
designs, genders, ages, cortisol parameters
and timing, and the presence and severity of
comorbidities [19]. Therefore, as we further
explore the relationship between cortisol, the
biochemical index and BMI, and WC in the
future, it is important to explore the clues of
disease diagnosis and treatment, as well as
find new ways to provide better treatment
options, alleviate the suffering of patients, and
achieve better therapeutic effects.
Acknowledgements
We would like to acknowledge the significant
comments on this article received from our
reviewers.
12883

Disclosure of conflict of interest
None.
Address correspondence to: Feng-Sen Li, Department of Respiration, Affiliated Traditional Chinese
Medicine Hospital of Xinjiang Medical University,
Xinjiang, China. Tel: +86-991-5810542; E-mail: fengsen602@163.com; Ming-Xin Zhou, School of Traditional Chinese Medicine, Xinjiang Medical University, Xinjiang 830054, China. Tel: +86-991-4362444; E-mail: zmx9998@vip.sina.com

References
[1]

[2]

[3]

[4]

[5]

[6]

[7]

Awuti G, Younusi K, Li L, Upur H and Ren J.
Epidemiological survey on the prevalence of
periodontitis and diabetes mellitus in Uyghur
adults from rural Hotan area in Xinjiang. Exp
Diabetes Res 2012; 2012: 758921.
Liu F, Ma YT, Yang YN, Xie X, Li XM, Huang Y, Ma
X, Chen BD, Gao X and Du L. Current status of
primary hypertension in Xinjiang: an epidemiological study of Han, Uygur and Hazakh populations. Zhonghua Yi Xue Za Zhi 2010; 90: 32593263.
Jordan J, Engeli S, Redon J, Sharma AM, Luft
FC, Narkiewicz K and Grassi G; European
Society of Hypertension Working Group on
Obesity. European society of hypertension
working group on obesity: background, aims
and perspectives. J Hypertens 2007; 25: 897900.
Muraki I, Tanigawa T, Yamagishi K, Sakurai S,
Ohira T, Imano H, Kiyama M, Kitamura A, Sato
S, Shimamoto T, Konishi M and Iso H; CIRCS
Investigators. Nocturnal intermittent hypoxia
and metabolic syndrome; the effect of being
overweight: the CIRCS study. J Atheroscler
Thromb 2010; 17: 369-377.
Kotsis V, Tsioufis K, Antza C, Seravalle G, Coca
A, Sierra C, Lurbe E, Stabouli S, Jelakovic B,
Redon J, Redon P, Nilsson PM, Jordan J, Micic
D, Finer N, Leitner DR, Toplak H, Tokgozoglu L,
Athyros V, Elisaf M, Filippatos TD and Grassi G.
Obesity and cardiovascular risk: a call for action from the European society of hypertension
working group of obesity, diabetes and the
high-risk patient and European association for
the study of obesity: part B: obesity-induced
cardiovascular disease, early prevention strategies and future research directions. J Hypertens 2018; 36: 1441-1455.
Rahmouni K, Correia ML, Haynes WG and
Mark AL. Obesity-associated hypertension:
new insights into mechanisms. Hypertension
2005; 45: 9-14.
Andersen K, Hartman D, Peppard T, Hermann
D, Van Ess P, Lefkowitz M and Trapani A. The

Int J Clin Exp Med 2019;12(11):12874-12885

Relationship between salivary cortisol and metabolic syndrome in obese hypertension

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

effects of aldosterone synthase inhibition on
aldosterone and cortisol in patients with hypertension: a phase II, randomized, double-blind,
placebo-controlled, multicenter study. J Clin
Hypertens (Greenwich) 2012; 14: 580-587.
Syed SB and Qureshi MA. Association of aldosterone and cortisol with cardiovascular risk
factors in prehypertension stage. Int J Hypertens 2012; 2012: 906327.
Kumari M, Chandola T, Brunner E and Kivimaki
M. A nonlinear relationship of generalized and
central obesity with diurnal cortisol secretion
in the Whitehall II study. J Clin Endocrinol
Metab 2010; 95: 4415-4423.
Duclos M, Marquez Pereira P, Barat P, Gatta B
and Roger P. Increased cortisol bioavailability,
abdominal obesity, and the metabolic syndrome in obese women. Obes Res 2005; 13:
1157-1166.
Powell DJ and Schlotz W. Daily life stress and
the cortisol awakening response: testing the
anticipation hypothesis. PLoS One 2012; 7:
e52067.
Shin IY, Ahn RS, Chun SI, Lee YJ, Kim MS, Lee
CK and Sung S. Cortisol awakening response
and nighttime salivary cortisol levels in healthy
working Korean subjects. Yonsei Med J 2011;
52: 435-444.
Zhang WZ. Intensified, optimized and standardized management of Chinese patients
with hypertension: comments on “2018 Chinese guidelines for prevention and treatment
of hypertension”. J Geriatr Cardiol 2019; 16:
178-181.
Liu LS; Writing Group of 2010 Chinese Guidelines for the Management of Hypertension.
2010 Chinese guidelines for the management
of hypertension. Zhonghua Xin Xue Guan Bing
Za Zhi 2011; 39: 579-615.
Jordan J, Yumuk V, Schlaich M, Nilsson PM,
Zahorska-Markiewicz B, Grassi G, Schmieder
RE, Engeli S and Finer N. Joint statement of the
European Association for the Study of Obesity
and the European Society of Hypertension:
obesity and difficult to treat arterial hypertension. J Hypertens 2012; 30: 1047-1055.
Le Jemtel TH, Richardson W, Samson R, Jaiswal A and Oparil S. Pathophysiology and potential non-pharmacologic treatments of obesity
or kidney disease associated refractory hypertension. Curr Hypertens Rep 2017; 19: 18.
Chan O, Inouye K, Riddell MC, Vranic M and
Matthews SG. Diabetes and the hypothalamopituitary-adrenal (HPA) axis. Minerva Endocrinol 2003; 28: 87-102.
Grandinetti A, Liu DM and Kaholokula JK. Relationship of resting heart rate and physical activity with insulin sensitivity in a populationbased survey. J Diabetes Metab Disord 2015;
14: 41.

12884

[19] Abraham SB, Rubino D, Sinaii N, Ramsey S and
Nieman LK. Cortisol, obesity, and the metabolic syndrome: a cross-sectional study of
obese subjects and review of the literature.
Obesity (Silver Spring) 2013; 21: E105-117.
[20] Champaneri S, Xu X, Carnethon MR, Bertoni
AG, Seeman T, DeSantis AS, Diez Roux A, Shrager S and Golden SH. Diurnal salivary cortisol is associated with body mass index and
waist circumference: the Multiethnic Study of
Atherosclerosis. Obesity (Silver Spring) 2013;
21: E56-63.
[21] Park SB, Blumenthal JA, Lee SY and Georgiades A. Association of cortisol and the metabolic syndrome in Korean men and women. J
Korean Med Sci 2011; 26: 914-918.
[22] Therrien F, Drapeau V, Lalonde J, Lupien SJ,
Beaulieu S, Tremblay A and Richard D. Awakening cortisol response in lean, obese, and reduced obese individuals: effect of gender and
fat distribution. Obesity (Silver Spring) 2007;
15: 377-385.
[23] Boyle SH, Surwit RS, Georgiades A, Brummett
BH, Helms MJ, Williams RB and Barefoot JC.
Depressive symptoms, race, and glucose concentrations: the role of cortisol as mediator.
Diabetes Care 2007; 30: 2484-2488.
[24] Bose M, Olivan B and Laferrere B. Stress and
obesity: the role of the hypothalamic-pituitaryadrenal axis in metabolic disease. Curr Opin
Endocrinol Diabetes Obes 2009; 16: 340-346.
[25] Karlamangla AS, Friedman EM, Seeman TE,
Stawksi RS and Almeida DM. Daytime trajectories of cortisol: demographic and socioeconomic differences--findings from the national
study of daily experiences. Psychoneuroendocrinology 2013; 38: 2585-2597.
[26] Fernandez RE, Umasankar Y, Manickam P,
Nickel JC, Iwasaki LR, Kawamoto BK, Todoki
KC, Scott JM and Bhansali S. Disposable aptamer-sensor aided by magnetic nanoparticle
enrichment for detection of salivary cortisol
variations in obstructive sleep apnea patients.
Sci Rep 2017; 7: 17992.
[27] Fekedulegn DB, Andrew ME, Burchfiel CM, Violanti JM, Hartley TA, Charles LE and Miller DB.
Area under the curve and other summary indicators of repeated waking cortisol measurements. Psychosom Med 2007; 69: 651-659.
[28] Pruessner JC, Kirschbaum C, Meinlschmid G
and Hellhammer DH. Two formulas for computation of the area under the curve represent
measures of total hormone concentration versus time-dependent change. Psychoneuroendocrinology 2003; 28: 916-931.
[29] Gribbin CE, Watamura SE, Cairns A, Harsh JR
and Lebourgeois MK. The cortisol awakening
response (CAR) in 2- to 4-year-old children: effects of acute nighttime sleep restriction, wake

Int J Clin Exp Med 2019;12(11):12874-12885

Relationship between salivary cortisol and metabolic syndrome in obese hypertension
time, and daytime napping. Dev Psychobiol
2012; 54: 412-422.
[30] Fiksdal A, Hanlin L, Kuras Y, Gianferante D,
Chen X, Thoma MV and Rohleder N. Associations between symptoms of depression and
anxiety and cortisol responses to and recovery
from acute stress. Psychoneuroendocrinology
2019; 102: 44-52.
[31] Larsson CA, Gullberg B, Rastam L and Lindblad U. Salivary cortisol differs with age and
sex and shows inverse associations with WHR
in Swedish women: a cross-sectional study.
BMC Endocr Disord 2009; 9: 16.

12885

[32] Parent-Lamarche A and Marchand A. The moderating role of personality traits in the relationship between work and salivary cortisol: a
cross-sectional study of 401 employees in 34
Canadian companies. BMC Psychol 2015; 3:
45.

Int J Clin Exp Med 2019;12(11):12874-12885

