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Background: High serum total testosterone is associated with metabolic syndrome (MS).
This study aimed to identify possible alterations in total testosterone and their relationship with
plasma glucose, blood pressure, and serum lipid profile.

Methods: One hundred forty-two female subjects were selected to participate in this study,
and they were recruited by consultant physicians from the Clinic and Medical Out-Patient, King
Abdulaziz Hospital, Kingdom of Saudi Arabia. The anthropometric characteristics were obtained
from questionnaires by using standard methods. Blood samples were obtained for the deter-
mination of glucose, triglycerides, total cholesterol, low-density lipoprotein, and high-density
lipoprotein by using enzymatic methods. Total testosterone was determined by enzyme-linked
immunosorbent assay for the quantitative measurement of testosterone in human serum.
Results: Significantly higher concentrations of total testosterone, low-density lipoprotein, and
glucose, but lower concentrations of high-density lipoprotein, were observed in subjects with
MS compared with women without MS (P<0.05).

Conclusion: This study suggests that high levels of total testosterone and disturbance in lipid
profile were associated with MS in Saudi women.

Keywords: obesity, hyperlipidemia, testosterone, metabolic syndrome, lipid profile, androgen,

insulin resistance

Background
Obesity has reached epidemic proportions globally,' with more than 1 billion adults
being overweight — at least 300 million of them being clinically obese.* It leads to
adverse metabolic effects, blood pressure,’ and lipid and glucose metabolism mediated
by insulin resistance.* This constellation of cardiovascular risk factors constitutes the
metabolic syndrome (MS).* MS is associated with significant increase in cardiovascular
morbidity and mortality,” and it is the most common cause of death in the Western
world.® Waist circumference (WC) is the best measure of obesity which is combined
with other variables to construct a country-specific definition of MS.°

In Saudi Arabia, epidemiological studies reported a potential growth in diabetes
with a parallel increase in obesity rates.!® Currently, 23% of the health care expendi-
ture along with 17% of direct medical costs is spent for diabetes.!" The components
of MS, including central obesity, are particularly common among Saudi population.'?

The largest study, conducted over a 5-year period between 1995 and 2000 and cover-
ing different regions of Saudi Arabia, reported the overall MS prevalence in adults aged
between 30 and 70 years to be about 40%, with the most common factor being low level
of high-density lipoprotein cholesterol (HDL-C).!* The prevalence of cardiovascular
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disease (CVD) risk factors is high among women in Saudi
Arabia especially in cases of obesity and physical inactiv-
ity.!1# Public health authorities must implement solutions
from a gender-specific aspect to reverse the trend and decrease
the prevalence of CVDs among Saudi women.'

The first study of MS in Saudi Arabia was published in
2002."2 Two other smaller studies conducted in the central
region of Saudi Arabia reported the prevalence to be 31.4%
in men" and 35.3% in the whole population.'® Another study,
conducted recently in the city of Jeddah in the western region,
reported the MS prevalence to be 21% with low HDL-C as
a common component.'* The present study was conducted
to evaluate the levels of testosterone, obesity, and WC as
determinants of MS in Saudi women.

Testosterone is a hormone that plays a key role in the metab-
olism of carbohydrate, fat, and protein. With a major influence
on body fat composition in men, testosterone deficiency was
suggested to be associated with reduced insulin sensitivity,
impaired glucose tolerance, elevated triglycerides (TGs) and
cholesterol, and low HDL-C in previous studies.!” All these
factors are found in the MS and type 2 diabetes. Numerous
studies showed associations between serum testosterone and
insulin resistance or MS and type 2 diabetes risk in women;
however, the conclusion about causal relationship still needs
more studies.'® The present study was aimed to address tes-
tosterone levels with the components of MS in Saudi women.

Subjects and methods

Ethical approval

This retrospective study was conducted in the Biochemistry
Laboratory, Department of Medical Laboratories, Faculty
of Medicine, Umm Al-Qura University, Kingdom of Saudi
Arabia from January 2015 to March 2017. Written informed
consent was obtained from all participants. The overall
study methodology was approved by the Biomedical Ethics
Committee, Faculty of Medicine, Umm Al-Qura University,
Mecca Al-Mukarama, Kingdom of Saudi Arabia.

Subjects

A total of 142 female subjects aged between 20 and 60 years
were recruited for this study. Of them, 95 subjects with high
WC (=88 cm) and body mass index (BMI 230 kg/m?) and
47 apparently healthy women in normal weight as controls
(BMI <25 kg/m?) were selected. Those on lipid-lowering
drugs and hormonal medications, with CVDs like stroke,
and who did not give consent were excluded. Information of
age, maternity, menarche, and menstrual cycle disturbance
were obtained using a questionnaire. Weight, height, WC,

and systolic and diastolic blood pressures (SBP and DBP,
mean of three consecutive measurements) were measured.

Sampling

Following the overnight fasting period, 5 mL of whole venous
blood samples were withdrawn from each subject. The sample
was divided into two parts (plain and EDTA tubes) as serum
and plasma samples, respectively. The samples were used for
the estimation of plasma, fasting blood glucose, and total
testosterone. Serum was used for the estimation of TGs, total
cholesterol (TC), low- and high-density lipoproteins (LDL
and HDL), and total testosterone.

Metabolic syndrome

The subjects were recruited by consultant physicians from
the Clinic and Medical Out-Patient, King Abdulaziz Hospital.
MS is defined by using National Cholesterol Education
Program Adult Treatment Panel III guidelines, and it was
diagnosed on the basis of five major components: 1) hypertri-
glyceridemia TG =150 mg/dL; 2) WC =102 cm for men and
288 cm for women; 3) SBP 2130 mmHg, DBP >85 mmHg;
4) HDL-C <50; and 5) fasting plasma glucose 2110 mg/dL."

Biochemical investigation
Serum TC, TGs, HDL-C, and LDL-C were estimated by
using direct homogenous method and enzymatic colorimetric
test. The kits were provided by HUMAN Gesellschaftfiir
Biochemica und Diagnostica mbH.

Fasting plasma glucose concentration was determined
with an automated analyzer (HumaStar 80) by using glucose
oxidase-phenol and 4-aminoantipyrine (GOD-PAP) method
and an enzymatic colorimetric test kit. The kits were provided
by HUMAN Gesellschaftfiir Biochemica und Diagnosti-
cambH (REF 10720p).

Hormone assays

The serum level of total testosterone was determined by
using the enzyme-linked immunosorbent assay (ELISA) test
for the quantitative determination of testosterone in human
serum. The kits were provided by HUMAN Gesellschaftfiir
Biochemica und Diagnostica mbH (REF 55010, 96 tests),
and the test was performed according to the manufacturer’s
instructions and with the lowest detection limit of 0.06 ng/
mL and a coefficient of variation <10%.

Blood pressure
Blood pressure was measured by a Microlife blood pressure
monitor (Microlife A200 AFIB, Taipei, Taiwan). Two values,
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the systolic (upper) value and the diastolic (lower) value, are
always measured. Any activity was avoided, and the woman
was made to sit down for at least 5 minutes before measure-
ment and to relax; close-fitting garments from the upper arm
was removed, shirt sleeves were not rolled up, and the cuff
was fitted closely and positioned 2 cm above the elbow. The
cuff pumped up automatically. When the correct pressure
was reached, the pumping was stopped and the pressure
fell gradually; the cuff was removed after the measurement.
Hypertension was defined as SBP =130 mmHg and DBP
>85 mmHg.

Statistical analysis

All statistical analysis was performed using IBM SPSS soft-
ware version 16.0 (SPSS Inc., Chicago, IL, USA). Descriptive
measures were done for each variable in every group. Data in
the form of continuous variables were presented as mean *
SD. Pearson correlation coefficient was used to determine the
relationship between variables. Since the test shows that the
studied variables are normally distributed for comparing the
quantitative variables in the two studied groups, independent
sample #-test was used. P<0.05 was considered as statisti-
cally significant. All results are two-tailed. GraphPad Prism
7 software version 7.03 (GraphPad Software, Inc., La Jolla,
CA, USA) was used for graphing.

Results
In this study, we included 142 Saudi women aged between 20
and 60 years. They were divided as cases of MS and controls.
Blood pressure, blood glucose, lipid profile, and serum tes-
tosterone were measured along with the anthropometric data.
Table 1 provides the age, BMI, WC, blood pressure, and
gynecologic data. It has been found that the mean age of
the cases was 43.49 years and that of the controls was 39.49
years. The BMI and WC of women with MS were found to be
41.9 and 107.5 cm, respectively. Mean DBP was reported as
134 and 113 mm/Hg among case and controls, respectively.
Table 2 and Figures 1 and 2 show the estimation of blood
glucose and lipid profile. The mean fasting blood glucose

Table | Anthropometric data among study female groups

was found to be 163.2 mg/dL among women with MS and
66.11 mg/dL among controls. The lipid profile was reported
to be as follows: the mean TGs, TC, LDL, and HDL were
194.2,286.3, 198.0, and 53.73 mg/dL among cases and 68.23,
113.9, 106.1, and 98.49 mg/dL for controls, respectively.

Correlation between lipids profile and BMI among
the whole study group (cases and controls) is shown in
Figure 2A-D, reflecting that a strong positive correlation
exists between BMI and blood glucose, serum TGs, choles-
terol, and LDL. A negative correlation was reported between
BMI and serum HDL as shown in Figure 3.

Correlation between glucose and lipid profile with WC
among the whole study group (cases and controls) is shown in

Table 2 Blood glucose and lipid profile among study groups

Index (mg/dL) Control n=47 MS n=95 P-value
Glucose 66.1113.66 163.216.13 <0.01

Triglyceride 68.23+4.534 194.2t11.61 <0.0001
Cholesterol 113.916.347 286.31+13.9 <0.0001
LDL-C 106.1+6.86 198.0+9.4 <0.0001
HDL-C 98.49+4.77 53.7349.82 <0.0001

Note: Values are expressed as mean + SD.
Abbreviations: LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density
lipoprotein cholesterol; MS, metabolic syndrome.
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Figure | Glucose and lipid profile in controls and cases of MS.
Abbreviations: MS, metabolic syndrome; LDL-C, low-density lipoprotein
cholesterol; HDL-C, high-density lipoprotein cholesterol.

Index Controls n=47 MS n=95 P-value
Age (years) 39.49+10.23 43.4919.416 <0.05
Body mass index (kg/m?) 24.53+2.73 41.905+6.08 <0.001
Waist circumference (cm) 73.81£13.93 107.46x12.06 <0.001
Systolic blood pressure (mmHg) 70.19+3.66 106.62+5.67 <0.001
Diastolic blood pressure (mmHg) 113.27+1.17 134.58+2.08 <0.001

Note: Values are expressed as mean + SD.
Abbreviation: MS, metabolic syndrome.
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Figure 2 Correlation between glucose (A), triglycerides (B), cholesterol (C), LDL-C (D), and BMI among the whole study group.

Abbreviations: LDL-C, low-density lipoprotein cholesterol; BMI, body mass index.
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Figure 3 Correlation between HDL-C and BMI among the whole study group.

Abbreviations: HDL-C, high-density lipoprotein cholesterol; BMI, body mass
index.

Figure 4A—D, reflecting a strong positive correlation between
WC and blood glucose, serum TGs, cholesterol, and LDL.
A negative correlation was reported between WC and serum
HDL as shown in Figure 5.

The levels of testosterone were also found to be higher
in women with MS than in women without MS as shown

inv Figure 6.

Discussion

This study aimed to detect the relationship between obesity,
BMI, and WC as determinants of MS among Saudi women.
The age of the study group ranged between 20 and 60 years.
The main findings of the current study showed a strong
significant relationship between BMI and WC with MS.
The mean age was higher in women with MS compared to
controls (43 and 39 years, respectively).
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Figure 4 Correlation between glucose, cholesterol, triglycerides, LDL-C, and waist circumference among the whole study group. (A) Fasting blood sugar levels and BMI; (B)

triglycerides and BMI; (C) cholesterol and BMI; (D) LDL-C and BMI.
Abbreviation: LDL-C, low-density lipoprotein cholesterol.
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Figure 5 Correlation between HDL-C and waist circumference among the whole
study group.
Abbreviation: HDL-C, high-density lipoprotein cholesterol.

The fact that an increase in TG levels is observed along
with the increment of the WC and BMI is similar to the
findings in a previous study.?’ The study conducted by Du
et al*! has demonstrated that the HDL-C level is affected
by weight. Furthermore, in this study, the average of the
HDL-C levels in normal-weight and obese women with MS
is higher in comparison with our results.?! Another finding
of our study that should be emphasized is the fact that the
HDL-C level decreases along with the increase of total
testosterone concentration. There was a significant change
in the LDL-C level parallel to the increment of WC, BMI,
and testosterone level.

With regard to the effect on metabolic abnormal values
which were in our study for TC, HDL-C, and LDL-C, similar
strong association was found between their abnormal levels
and abnormal total testosterone concentration, for high TGs
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Figure 6 The levels of testosterone in controls and women with MS.
Abbreviation: MS, metabolic syndrome.

(P=0.0001), TC (P=0.0001), LDL-C (P=0.0001), and low
levels of HDL (P=0.0001).

With regard to hormonal effects, significant difference
between the fasting blood levels of testosterone (P=0.0001)
was found between the two groups. Higher levels of tes-
tosterone in women with MS was suggested in previous
studies.’® Excess of androgen could potentially contribute
to the pathogenesis of insulin resistance and MS in women
with polycystic ovary syndrome.'® The data in the present
study show that women with MS have twofold increase
in testosterone levels. The causal relationship needs more
investigation and larger studies.

Recently, obesity is reaching epidemic proportions with
worldwide figures estimated at 1.4 billion and rising every
year.”? Obesity affects all socioeconomic backgrounds and
different ethnicities and is considered as a prerequisite for
MS. MS is a clustering of risk factors that increase the risk
of type 2 diabetes mellitus and CVDs. The analysis of the
distribution of MS suggested that what follows under the
common definition of this pathologic condition is not a unique
entity, it is rather a constellation of cluster of components that
may differ across different countries.”® As these pathologic
conditions are among the leading causes of deaths worldwide,
it is of critical importance to continuously evaluate the fac-
tors associated with increased prevalence of MS especially
in communities of modern and sedentary lifestyles. Further
studies are recommended to validate the risk factors and
biochemical parameters associated with the incidence of MS.

Conclusion
In summary, the data of this study showed a significant posi-
tive correlation between BMI, WC, and disturbance in lipid

profile and MS, and a high total testosterone concentrations
was found in Saudi women with MS.
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