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Introduction

Patients with hypogonadism present with clinical findings 

of low testosterone levels such as low libido, loss of energy, 

depression, and muscle atrophy. In addition to fertility 

defects, the prevalence of type 2 diabetes, hypertension, and 

dyslipidemia is increased in patients with hypogonadism (1,2). 

Recent studies have also showed a relationship between 
low testosterone level and atherosclerosis, coronary artery 
disease, or cardiovascular (CV) events (3,4). Inflammation 
and thrombosis have important roles in the pathogenesis of 
atherosclerosis and CV diseases (CVD) (5). Testosterone 
deficiency is associated with metabolic profiles that are known 
to be associated with atherosclerosis such as high glucose, low 
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Aims: Mean platelet volume (MPV), platelet-to-lymphocyte ratio (PLR), and neutrophil-to-
lymphocyte ratio (NLR) are surrogate markers of adverse cardiovascular (CV) outcomes. The 
aim of this study was to investigate the platelet count, MPV level, PLR, NLR, and the effect 
of testosterone replacement therapy (TRT) on these parameters in patients with congenital 
hypogonadotropic hypogonadism (CHH).

Methods: Young male patients with CHH and healthy controls were recruited from the 
outpatient setting. Blood pressures, height, weight, waist circumference (WC), and blood tests 
including triglyceride (TG) level, insulin, homeostatic model assessment-insulin resistance 
(HOMA-IR), PLR, and NLR were calculated between CHH patients and controls and following 
TRT.

Results: Sixty-six patients with CHH (mean age: 21.5±2.0 years) and 67 healthy controls 
(mean age: 21.9±1.3 years) were included in the study. CHH patients had higher platelet 
count (262.9±50.7 vs 232.1±49.2, p=0.001), MPV level (8.63±0.87 vs 8.16±0.92, p=0.004), PLR 
(114.01±25.68 vs 100.59±25.49, p=0.003), WC (86.8±9.1 vs 83.7±7.9, p=0.04), TG (96.0 vs 80.0, 
p=0.02), insulin (9.41 vs 6.92, p<0.001), and HOMA-IR (1.95 vs 1.47, p<0.001) than healthy 
controls. NLR was similar in both groups. After TRT, CHH patients showed significant elevations 
in body mass index, WC, total testosterone, and HOMA-IR and reduction in high density 
lipoprotein cholesterol level; however, platelet count, MPV, PLR, and NLR indices remained 
unchanged. Total testosterone level was also correlated with platelet count, MPV, and PLR. 

Conclusions: This study showed higher platelet count and surrogate markers of CV risk such as 
MPV and PLR in patients with CHH. However, short time TRT did not show any effect on these 
indices.
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density lipoprotein cholesterol (LDL-Chol) and pro-inflammatory 
cytokine levels and low high density lipoprotein cholesterol 
(HDL-Chol) and anti-inflammatory cytokine levels (6). However, 
the mechanism of increased atherosclerosis and CVD risk in 
patients with hypogonadism is still unknown.

The hematological indices, mean platelet volume (MPV), 
platelet-to-lymphocyte ratio (PLR), and neutrophil-to-lymphocyte 
ratio (NLR) are surrogate markers of adverse CV outcomes. 
MPV is a new CV risk factor, which is considered to be a 
simple marker of platelet size and activation (7). Metabolically 
and enzymatically more active larger platelets have higher 
thrombotic potential. Elevated MPV level is reported in coronary 
artery disease and in many other diseases such as hypertension, 
diabetes and hypercholesterolemia (8,9). Platelets have a critical 
role in emerging of atherosclerosis. There is an association 
between elevated blood platelet counts and CVD. Also, previous 
studies reported an association between lymphopenia and CVD. 
The ratio of the platelet to lymphocyte count, PLR is a prognostic 
marker in different types of CVD (10-12). Similarly, NLR is also a 
novel marker of inflammation, and is reported to be associated 
with adverse cardiac outcomes (11,13). 

All of these hematological indices are inexpensive, easy 
to obtain, and widely available markers of adverse cardiac 
outcomes. However, there are limited data about the levels of 
these parameters in patients with congenital hypogonadism. It 
is also unknown whether the testosterone replacement therapy 
(TRT) affects these hematological parameters. Therefore, in this 
retrospective study, we aimed to investigate the platelet count, 
MPV level, PLR, and NLR in patients with hypogonadism and 
also study the effect of TRT on these indices. 

Methods

Study Design and Patient Selection

This retrospective analysis was performed using the 
database of an endocrinology unit of a tertiary hospital. Male 
patients with the diagnosis of congenital hypogonadotropic 
hypogonadism (CHH), who were 18 years old or over and never 
received TRT or human chorionic gonadotropin, were identified 
and included in the analyses. Patients under 18 years old or who 
had pituitary mass lesions in magnetic resonance imaging or had 
laboratory values consistent with panhypopituitarism or who had 
any other chronic metabolic disorder and/or organ dysfunction 
were excluded. The stage of pubertal development (Tanner’s 
stage), serum level of total testosterone, follicle stimulating 
hormone (FSH) and luteinizing hormone (LH) were obtained 
from the database. The subjects in the control group were 
selected from the previous studies performed on this database 
(14,15). Control subjects did not have chronic disorders and 
were not taking any drug treatment. Also, none of the patients or 

control subjects had any signs of infection or had a history of any 
medication known to influence platelet function at least 2 weeks 
(e.g., acetylsalicylate, antiepileptics, or heparin) before study 
initiation. The Local Ethical Committee of University of Health 
Sciences Turkey Gülhane Faculty of Medicine approved the 
study (code: 16.06.2016, 50687569-1491-440-16/1648-1562).

Definitions

The methods for the assessment of anthropometric and 
laboratory variables in the database were as follows; height, 
weight, and waist circumference (WC) were measured while 
wearing underwear. After exhalation, WC was measured from 
the line on the iliac crest parallel to the ground. Body mass index 
(BMI) was computed as the ratio of weight to the square of height 
(kg/m²). Arterial blood pressures were measured two times by 
a mercury column sphygmomanometer with appropriate-size 
cuff after a resting period of at least 5 min. The average of the 
measurements was recorded as the systolic and diastolic blood 
pressures of the patients and controls. The anthropometric 
measurements and laboratory values at three and/or six-month 
follow-up of treatment were retrieved from the database.

The venous blood samples of the patient and control groups 
were collected between 08:00 and 09:00 h after an overnight 
fasting and were stored at -80 °C after centrifugation for 15 
min. Complete blood count was obtained using the Olympus 
AU-2700 autoanalyzer (GmbH). Fasting plasma glucose, 
total cholesterol, triglyceride (TG), and HDL-Chol level were 
measured by the enzymatic colorimetric method, and serum 
basal insulin, total testosterone, FSH and LH level were 
measured by the chemiluminescence method. LDL-Chol level 
was calculated with the Friedewald formula. For the enzymatic 
calorimetric analyses Olympus AU-2700 autoanalyzer 
(Hamburg, Germany), and chemiluminence analyses UniCel DxI 
800 Access Immunoassay System (Miami, FL, USA) was used. 
Insulin sensitivity was calculated by the homeostatic model 
assessment-insulin resistance (HOMA-IR) using the following 
formula: HOMA-IR=[insulin (mU/mL) × glucose (mg/dL)] / 405.

Testosterone Replacement Therapy

Patients who received TRT (injectable or transdermal) for at 
least six months were included in the analyses. The injectable 
regimen was an oil-based injectable blend of four esterized 
testosterone compounds (™Sustanon 250 mg; testosterone 
Propionate of 30 mg, testosterone phenylpropionate and 
testosterone isocaproate of 60 mg, and testosterone decanoate 
of 100 mg) injected once every 21 days. The transdermal 
regimen was a once daily testosterone gel formula (testogel 
50 mg gel). Laboratory tests in the database were performed 
using the blood samples collected before the first testosterone 
administration as the baseline metabolic parameters. 
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Statistical Analysis

The statistical analyses were performed by Statistical 
Package for the Social Sciences version 18.0 (Chicago, IL, 
USA). Results were expressed as mean±standard deviation or 
median (minimum-maximum). The Kolmogorov-Smirnov test 
was used for normality assessments, and the Levene’s test was 
used to evaluate the equality of variance. While the Student’s 
t-test and Mann-Whitney U test were used for inter-group 
differences as appropriate, paired samples t-test was used for 
intra-group changes at two time points. Relationships among 
MPV level, PLR, NLR, and clinical and biochemical parameters 

were evaluated by the Pearson correlation coefficient. Stepwise 
multiple regression analysis was performed to test whether MPV 
level, PLR, and NLR were independently associated with the 
total testosterone level. Differences were considered significant 
at p<0.05.

Results
A total of 66 treatment-naïve young male patients with CHH 

(mean age: 21.5±2.0 years) and a group of 67 healthy male 
subjects matched for age and BMI (mean age: 21.9±1.3 years) 
were included. The demographic and biochemical characteristics 

Table 1. The demographic and metabolic parameters of the patients with congenital hypogonadotrophic hypogonadism and the 
healthy control subjects

Variables Healthy controls
(n=67)

Patients
(n=66)

Patients after treatment 
(n=66) p1* p2*

Age, (yr), mean±SD 21.9±1.3 21.5±2.0 - 0.24 -
BMI, (kg/m²), mean±SD 23.9±2.6 23.2±2.6 24.6±2.9 0.11 <0.001
WC, (cm), mean±SD 83.7±7.9 86.8±9.1 89.1±8.9 0.04 0.001
FBG, (mg/dL), mean±SD 85.2±12.6 85.4±7.3 86.5±7.3 0.94 0.51
TG, (mg/dL),  mean±SD 80.0 (55.0-109.0) 96.0 (65.2-132.5) 95.5 (72.0-136.0) 0.02 0.54
HDL-Chol, (mg/dL), mean±SD 47.3±8.4 46.7±9.7 40.7±9.3 0.71 <0.001
LDL-Chol, (mg/dL), mean±SD 94.3±23.2 89.9±21.9 87.0±20.3 0.29 0.22
FSH, (mIU/mL), mean±SD 3.1±2.38 0.74±0.61 0.81±1.30 <0.001 0.58
LH, (mIU/mL), mean±SD 4.3±1.58 0.43±0.54 0.57±0.93 <0.001 0.05
T.Testosterone, (ng/dL), mean±SD 517.0±120.1 28.5±18.5 230.2±206.4 <0.001 <0.001
Insulin, (µU/mL)a median (min.-max.) 6.92 (5.09-8.74) 9.41 (6.83-14.39) 11.6 (6.8-14.9) <0.001 0.53
HOMA-IRa, median (min.-max.) 1.47 (0.95-1.93) 1.95 (1.47-2.88) 2.36 (1.41-3.30) <0.001 0.03
Platelet count, x10³, cells/µL, mean±SD 232.1±49.2 262.9±50.7 257.2±52.2 0.001 0.39
MPV, (fL), mean±SD 8.16±0.92 8.63±0.87 8.79±0.91 0.004 0.14
PLR, mean±SD 100.59±25.49 114.01±25.68 110.86±37.44 0.003 0.45
NLR, mean±SD 1.57±0.79 1.57±0.53 1.54±0.66 0.96 0.61
Data were expressed as mean±standard deviation or median (minimum-maximum).*Pearson’s correlation (p1: between healthy controls and patients; p2: between 
before and after testosterone replacement).
BMI: Body mass index, WC: Waist circumference, FBG: Fasting blood glucose, TG: Triglyceride, HDL-Chol: High-density lipoprotein cholesterol, LDL-Chol: Low-
density lipoprotein cholesterol, FSH: Follicle stimulating hormone, LH: Luteinizing hormone, T. Testosterone: Total testosterone, HOMA-IR: Homeostatic model 
assessment for insulin resistance, MPV: Mean platelet volume, PLR: Platelet-to-lymphocyte ratio, NLR: Neutrophil-to-lymphocyte ratio, yr: Year

Figure 1. Scatter plot diagrams of correlation between total testosterone and platelet count (a), mean platelet volume (b) and platelet-to-lymphocyte 
ratio (c)

a b c
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of the patients and control subjects were shown in Table 1. WC 
(p=0.04), TG (p=0.02), insulin (p<0.001), HOMA-IR (p<0.001), 
platelet count (p=0.001), MPV (p=0.004), and PLR (p=0.003) 
were significantly higher, and FSH, LH, and total testosterone 
(p<0.001) level were significantly lower in patients with CHH 
than in healthy controls.

After 5.9±2.1 months of follow-up with TRT, CHH patients had 
significantly elevated BMI, WC, total testosterone, and HOMA-
IR (p<0.001, p=0.001, p<0.001, and p=0.03, respectively) and 
decreased HDL-Chol level (p<0.001); however, changes in 
platelet count, MPV level, PLR, and NLR were not significant.

Among the CHH patients, platelet count correlated 
negatively with LH (r=-0.21, p=0.02) and total testosterone level 
(r=-0.23, p=0.009) (Figure 1a). MPV level positively correlated 
with WC (r=0.21, p=0.019) and negatively correlated with insulin 
(r=-0.18, p=0.04), FSH (r=-0.29, p=0.01), LH (r=-0.30, p=0.01) 
and total testosterone level (r=-0.22, p=0.013) (Figure 1b). PLR 
negatively correlated with LH (r=-0.24, p=0.008), FSH (r=-0.24, 
p=0.008), BMI (r=-0.21, p=0.02), and total testosterone level (r=-
0.22, p=0.014) (Figure 1c) (Table 2).

Discussion
The results of the present study showed that platelet count, 

MPV level, and PLR were significantly higher in treatment 
naïve young patients with CHH. There was also a significant 
association between these parameters and total testosterone 
level. In addition, there was no effect of TRT on the platelet 
count, MPV level, PLR, and NLR. These results may reflect 
platelet activation in patients with hypogonadism.

The risk of CVD is increased in patients with hypogonadism 
(16). Patients with type 2 diabetes, metabolic syndrome, and 
CVD also have low testosterone level (17,18). Therefore, it 
seems that there is a mutual link between hypogonadism and 

cardiometabolic diseases. Furthermore, several physiological 
factors including aging (19), obesity (20), and commonly used 
medications (21) may also confound the relationship between 
hypogonadism and cardiometabolic diseases. For this reason, 
we enrolled the young treatment naïve patients with CHH, who 
did not have other chronic diseases. In a previous study, we 
have reported that these patients have metabolic derangements 
such as visceral obesity and dyslipidemias at a very young age 
(15,22). Similarly, in the present study, higher WC, TG, and 
HOMA-IR level in patients with CHH indicated the metabolic 
derangements in these patients and supported our previous 
results. However, the precise mechanism of this increased CV 
risk in patients with hypogonadism remains unclear.

Platelets have a crucial role in the emergence of 
atherosclerosis. It is reported that there is an association 
between higher platelet count and adverse outcomes (23). 
MPV is a simple marker of platelet size and reactivity (24) and 
its increased level is considered to be a CV risk factor (7,25). 
Larger platelets are metabolically more active than smaller 
ones and have higher thrombotic potential. Larger platelets 
contain more granules and higher thromboxane A2 level and 
also express more glycoprotein 1b and 2b/3a receptors. 
Increased MPV levels are reported in different types of CVD. 
MPV level is increased in patients with coronary artery disease 
(7) and are also reported to be associated with the severity of 
atherosclerosis. Shah et al. (26) also showed that MPV was 
strongly and independently associated with the presence and 
severity of diabetes. In addition, several studies have showed 
that MPV level is increased in all subtypes of ischemic stroke (7). 
In our study, we also found increased platelet count and MPV 
level in patients with CHH. In addition, there was also negative 
correlation between total testosterone level and platelet count 
and MPV level. These findings imply that patients with CHH 
are susceptible to increased platelet activation even at a young 

Table 2. The correlation analysis between platelet count, mean platelet volume levels, platelet-to-lymphocyte ratio, neutrophil-to-
lymphocyte ratio and clinical and biochemical parameters
Variables Platelet count MPV PLR NLR

r* p* r* p* r* p* r* p*
WC (cm) 0.02 0.85 0.21 0.02 -0.13 0.13 -0.05 0.58
BMI (kg/m²) -0.07 0.46 0.10 0.23 -0.21 0.02 -0.14 0.12
HDL-Chol (mg/dL) 0.06 0.51 -0.03 0.73 0.07 0.40 -0.06 0.49
Triglyceride (mg/dL) 0.05 0.60 -0.002 0.98 -0.07 0.43 0.04 0.67
Insulin (µU/mL) 0.11 0.21 -0.18 0.04 0.06 0.54 -0.01 0.91
HOMA-IR 0.12 0.18 -0.18 0.055 0.05 0.57 -0.02 0.86
FSH (mIU/mL) -0.15 0.10 -0.29 0.001 -0.24 0.008 -0.09 0.32
LH (mIU/mL) -0.21 0.02 -0.30 0.001 -0.24 0.008 0.04 0.63
Total testosterone (ng/dL) -0.23 0.009 -0.22 0.013 -0.22 0.014 0.01 0.87
*Pearson’s correlation.
WC: Waist circumference, BMI: Body mass index, HDL-Chol: High-density lipoprotein cholesterol, FSH: Follicle stimulating hormone, LH: Luteinizing hormone, HOMA-
IR: Homeostatic model assessment for insulin resistance, MPV: Mean platelet volume, PLR: Platelet-to-lymphocyte ratio, NLR: Neutrophil-to-lymphocyte ratio
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age. Our results are consistent with the study of Carlioglu et al. 
(27) that showed elevated MPV level in patients with idiopathic 
hypogonadotropic hypogonadism. We also showed increased 
platelet count and metabolic derangements such as increased 
WC, TG, and HOMA-IR level. 

PLR is also considered a new marker of CV risk. Elevated 
PLR indicates a state of activated hemostasis that leads to 
adverse CV events (10,11). Similar to platelets, white blood cells 
also play an important role in the pathogenesis of CVD. It is 
showed that higher neutrophil counts were related to increased 
atherosclerosis severity in coronary artery disease. NLR, a new 
inflammatory biomarker for CVD, is associated with severity 
and prognosis of CVD (28). This is the first study to evaluate 
PLR and NLR in patients with CHH. We found that PLR was 
elevated in patients with CHH, whereas NLR was not different 
between patients with CHH and the healthy controls. When 
PLR is considered to be a CV risk marker, these results may 
indicate that platelets, but not neutrophils, may play a crucial 
role in the pathogenesis of increased CV risk in patients with 
hypogonadism.

TRT is an emerging treatment option for the metabolic 
abnormalities in patients with hypogonadism. However, there 
are controversial data and growing skepticism about the effect 
of TRT on the improvement of the patient’s cardiometabolic risk. 
Some studies report that TRT improves metabolic parameters 
(29,30), whereas other studies report increased CV events in 
patients with hypogonadism under TRT (31,32). However, so far 
there has been no randomized placebo-controlled prospective 
study which has investigated the long-term CV effects of TRT in 
patients with hypogonadism. Therefore, measuring the surrogate 
marker of CV risk is an alternate way to evaluate the CV effects 
of TRT in patients with hypogonadism. In the present study, we 
found no effect of TRT on the whole blood count indices such 
as platelet count, MPV level, PLR, or NLR, which are surrogate 
markers of CV risk. This study showed that patients with CHH 
had worse platelet functions than healthy controls. However, 
approximately six months of TRT do not improve poor platelet 
function in patients with CHH. Moreover, TRT led to poor 
metabolic control such as increased BMI, WC, and HOMA-IR 
level and decreased HDL-Chol level. TRT may ignite pubertal 
growth in these young patients, which is not seen in elderly 
hypogonadal patients of etiologies. This may partly explain 
the rapid increase in BMI and WC and poor metabolic control. 
Therefore, our results do not support the studies showing that 
TRT improves CV outcomes (29,30). The short time of TRT or 
the retrospective nature of our study may be the reason of these 
conflicting results.

This study may have both limitations and strengths. First, 
the retrospective design of the study does not allow a causal 
relationship. Also, the specific population of young treatment 

naïve patients included in the analyses may not adequately 
represent all hypogonadism patients. In addition, the small 
sample size and relatively short duration of follow-up precludes 
further mechanistic comments. On the other hand, the study 
population is unique for the fact that it is very uncommon to identify 
untreated CHH patients until adult age. The homogeneous study 
population of young male patients, and the lack of confounding 
factors such as chronic metabolic disorders and concomitant 
medications can be counted among the strengths of this study.

Conclusion
The results of the present study showed that the platelet 

count and surrogate markers of CV risk such as MPV level 
and PLR were significantly increased in patients with CHH. 
Moreover, the short time TRT in young treatment naïve patients 
with CHH showed no effect on the platelet count and size. Future 
prospective, randomized controlled studies are warranted 
to clarify the role of platelet functions in the pathogenesis of 
increased CV risk in patients with hypogonadism.
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