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Abstract

Testicular metabolism can be noninvasively assessed using FDG-PET/CT, which provides insights
into physiological and age-related changes. Understanding normal testicular FDG uptake is essential
to distinguish between benign variation and pathological findings. In this retrospective study, 80 men
(mean age 54.7 years, range 26-79) undergoing PET/CT for lung nodule evaluation were analyzed,
excluding individuals with testicular disease, prior surgery, or elevated blood glucose (>180 mg/dL).
FDG uptake (SUV_mean) and testicular volume were measured for each testis, and correlations with
age, blood glucose, and volume were assessed using standard statistical methods. The mean testicular
SUV_mean was 2.62 + 0.50, showing a significant negative correlation with age and a weak positive
correlation with testicular volume. After adjusting for volume, the negative association with age
persisted, while no significant relationship with blood glucose was observed. These findings indicate
that physiological testicular FDG uptake gradually declines with age, reflecting both metabolic and
structural alterations. Recognizing these normal patterns is critical for accurate PET/CT interpretation
and reducing the risk of false-positive findings.
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1. Introduction

18F-fluoro-2-deoxyglucose (FDG) positron emission tomography (PET) is widely used to image
tumor glucose metabolism [1]; however, physiological uptake in normal tissues can mimic pathology
[2], requiring familiarity with normal patterns. FDG accumulation occurs in multiple organs,
including the head and neck [3,4], endometrium and ovary [5,6], and breast [7].

The testes demonstrate variable FDG uptake due to metabolic activity. Recognizing normal
uptake patterns is essential to prevent diagnostic errors [8-10]. This study ecamines age-related and
structural factors influencing testicular FDG uptake.

We quantified testicular FDG uptake in healthy men to investigate whether it correlates with
age, blood glucose and testicular volume, aiming to establish values that distinguish normal from
abnormal testicular metabolic activity on PET/ computered tomography (CT).

2. Materials and Methods

2.1. Study Population

FDG-PET/CT scans were retrospectively analyzed in 83 male matients referred for evaluation of
solitary pulmonary nodules. After three patients with pre-scan blood glucose levels exceeding 180
mg/dL were excluded, the final study cohort comprised 80 men with no history of chemotherapy,
pelvic or testicular surgery, prostate cancer, orchiectomy, or hormonal therapy, with no evidence of
testicular pathology on PET/CT or in their clinical records.
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Participants were stratified into six age groups: Group A, 20-29 years (n = 9); Group B, 30-39
years (n = 12); Group C, 40-49 years (n = 16); Group D, 50-59 years (n = 17); Group E, 60-69 years (n =
15); and Group F, 70-79 years (n = 11).

In summary, the mean age of the study population ws 54.7 + 15.2 years (range, 26-79 years). All
procedures were performed in accordance with institutional PET center protocols, and written
informed consent was obtainde from all participants before imaging.

All procedures were performed in accordance with institutional PET center protocols, and
written informed consent was obtained from all participants before imaging.

The study was conducted in accordance with the principles of the Declaration of Helsinki, and
ethical approval was obtained from the Ethics Committee of Mersin City Training and Research
Hospital.

2.2. FDG-PET/CT Protocol

All PET/CT studies were performed using a Discovery IQ scanner (GE Healthcare, Waukesha,
WI,USA). Patients fasted for at least six hours before the examination. FDG was administered
intravenously at a standardized dose of 144 uCi/kg. this was followed by a 150 mL saline flush. After
a 60-minute uptake period in the supine position, whole-body PET/CT imaging was acquired from
the vertex to the proximal thighs.

To monitor potential confounders, blood glucose levels were measured immediately before FDG
injection, with an upper acceptable limit of 180 mg/dL.

CT acquisition parameters were: 110 Kv, 70 mA, and 0.75 mm collimation. PET data were
collected in 7-9 bed positions, depending on patient height. The acquisition time was 2.5 minutes per
bed position. PET images were attenuation-corrected with CT data and reconstructed in axial,
sagittal, and coronal planes. Slice thickness was 5mm.

2.3. Image Analysis

Testes were identified on low-dose CT images as oval or round soft-tissue structures (Figure 1).
These structures typically exhibit density values between 30 and 50 Hounsfield units. Visual
assessment and standardized region-of-interest (ROI) placement were employed instead of fixed
cutoff values.

Figure 1. A 32-year-old man patient. A: Axial computed tomography image of testis. B: Axial PET/CT image of
with symmetric testicular uptake of F-FDG (white arrow) C: Coronal PET/CT image of with symmetric
testicular uptake of ¥F-FDG (white arrow), and D: maximum intensity projection image. PET/CT=positron

emission tomography/computed tomography, ¥*F-FDG="8F-fluoro-2-deoxyglucose.
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For each testis, a circular or oval ROI was placed to encompass the tissue. The total area was
multiplied by the slice thickness of 5 mm to calculate volume. Testicular long axis was also recorded
for reference.

PET images were used to automatically estimate the mean FDG uptake within each testicular
region (Figure 2). Adjacent tissues and unrelated signals were excluded.

Figure 2. For each slice, a specific location inside the testis was chosen as the roi. A: Right testicular (red roi) and
left testicular (yellow roi) volumes were determined by multiplying the area by the thickness of the slice. B: The
mean standardized uptake value of the testis was measured by manually positioning the roi ring (white roi) on

PET/CT images. roi = region of interest, PET/CT =positron emission tomography/computed tomography.

2.4. Statistical Analysis

Pearson’s correlation was used to assess associations between testicular FDG uptake and age,
blood glucose, and size. In addition, the relationship between testicular size and age was also
evaluated. Potential confounding effects on FDG results were controlled using appropriate statistical
methods.

Differences among the six age groups were assessed using t-tests with Bonferroni correction for
multiple comparisons. Associations between FDG dose or body weight and uptake were also
evaluated. Statistical significance was p < 0.05.

Statistical analyses were performed using SPSS version 26.0.

All subjects gave their informed consent for inclusion before they participated in the study. The
study was conducted in accordance with the Declaration of Helsinki, and the protocol was approved
by the Ethics Committee of the Mersin City Training and Research Hospital (approval number, 2023-
86).

3. Results

3.1. SUVmean and Blood Glucose

The mean blood glucose level before FDG administration was 101.8 + 19.9 mg/dL (range, 68-172
mg/dL). None of the participants received insulin before imaging. There was no significant
correlation between pre-scan blood glucose level and testicular SUVmean (r =-0.057, p =0.372) (Table
1).

3.2. SUVmean and Age

The mean testicular SUVmean across 160 testes from 80 participants was 2.62 + 0.50 (range, 1.31-
4.11).

Group-wise mean SUVmean values were as follows: Group A, 3.00 + 0.46; Group B, 2.81 + 0.48;
Group C, 2.63 + 0.37; Group D, 2.68 + 0.43; Group E, 2.58 + 0.50; and Group F, 2.33 + 0.48 (Table 1).

After Bonferroni correction, significant differences were observed between Groups A and F,
Group B and F, and Group D and F.
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Overall, SUVmean demonstrated a modest but significant negative correlation with age (r = -
0.210, p <0.0001). This findings indicates a gradual decline in testicular FDG uptake with age.

3.3. SUVmean and Testicular Volume

A weak but significant positive correlation was found between SUVmean and mean testicular
volume (r = +0.135, p < 0.0001) (Table 1). Partial correlation analysis adjusted for testicular volume
confirmed that the inverse relationship between SUVmean and age remained significant (r = -0.220,
p <0.001). This suggestes that reduced testicular metabolic activity with age is not due only to volume
loss.

Table 1. Correlation of testicular mean standardized uptake value between age, blood glucose level, and

testicular volume.

Correlation between Testicular uptake Correlation co-efficient (r) p
Age SUVimean -0.210 <0.001
Blood glucose level (mg/dl) SUVmean -0.057 0.372
Testicular volume (cm?) SUVmean +0.135 <0.001

ISUV Standardized uptake value.

No significant correlation was identified between SUVmean and either the administered FDG
dose or body weight.

3.4. Testicular Volume and Age

The mean testicular volume for 160 testes was 20.45 + 5.9 cm? (range, 3.5-38.4 cm?).

Group-wise mean testicular volumes were: Group A: 26.5 + 6.1; Group B: 22.6 + 6.3; Group C:
21.1+6.3; Group D: 19 £5.9; Group E: 20.0 +7.3; Group F: 18.5+7.1.

After Bonferroni correction, a significant difference in bilateral testicular SUVmean was
observed between Group B and F.

A weak negative correlation was noted between age and testicular volume (r=-0.129, p <0.0001)

(Table 2).
Table 2. Volumetric and FDG uptake measurements of the testes.
Group Age n Mean SUV? of testis Volume (cm?)
Mean + SD! Range Mean + SD Range
A 20-29 9 3.00£0.46 2.43-4.11 26.5+6.1 17.7-38.05
B 30-39 12 2.81+0.48 1.89-4.01 22.6+6.3 3.5-38.4
C 40-49 16 2.63+0.37 1.49-3.37 21.1+6.3 11.3-35.2
D 50-59 17 2.68£0.43 1.60-3.70 19.5+59 8.8-36.2
E 60-69 15 2.58 +0.50 1.51-3.52 20.0+7.3 9.7-32.7
F 70-79 11 2.33+£0.48 1.31-3.24 185+7.1 7.6-33.0
Total 80 2.62+0.50 1.31-4.11 20.45+5.9 3.5-38.4

1SD Standard deviation, 2SUV Standardized uptake value.

4. Discussion

This study examined physiological FDG uptake in testes across a broad age range and its
relationships with age, blood glucose, and testicular volume. The mean SUVmean was 2.62 + 0.50,
showing a modest, significant negative correlation with age (r = -0.210, P < 0.0001), independent of
testicular volume. No significant correlation was found between blood glucose and testicular FDG
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uptake, and a weak positive correlation was noted for testicular volume. These results indicate a
gradual decline in testicular glucose metabolism with age, involving both atrophy and
metabolic/endocrine alterations.

Our results align with previous studies documenting an inverse association between age and
testicular FDG uptake. For instance, Kitajima et al. [8] first reported a significant age-dependent
reduction in testicular SUV in healthy men, suggesting decreased metabolic activity of germ and
Leydig cells. Similarly, Harper et al. [11] and Parida et al. [12] confirmed progressive declines in mean
SUVmean with aging, independent of FDG dose or glucose levels. Meij-de Vries et al. [9] also
established normative SUV ranges for healthy young men comparable to our youngest group (mean
SUVmean = 3.0), supporting our findings.

Physiologically, the testes show high metabolic activity due to continuous spermatogenesis and
steroidogenesis, both of which need abundant glucose. Mechanistically, FDG uptake in the testis
mainly reflects glucose transport via GLUT transporters and glycolytic activity in Sertoli and Leydig
cells. As age advances, decreased Leydig cell number and function, and reduced testosterone
synthesis, are well documented [13-16]. Experimental data further show that aging Leydig cells have
impaired steroidogenic enzyme expression and mitochondrial function [15]. A decline in serum
testosterone links with reduced testicular glucose metabolism [14,16,17]. Thus, the observed age-
related decline in SUV_mean in our study likely reflects a physiological reduction in both germ cell
energy demand and Leydig cell metabolic activity.

Hormonal and cytological studies provide additional insight into this relationship. Moon et al.
[17] demonstrated a positive correlation between serum testosterone and testicular FDG uptake,
indicating that endocrine function modulates metabolic activity visualized on PET/CT. Similarly, age-
related Leydig cell senescence and decreased responsiveness to LH stimulation have been reported
[16], which may explain the persistent decline in FDG accumulation observed even after adjusting
for testicular volume in our study. Furthermore, single-cell transcriptomic analyses [13] have
revealed that testicular aging is associated with decreased expression of glycolytic and oxidative
phosphorylation genes, consistent with our metabolic imaging findings.

The absence of correlation between blood glucose and SUVmean in our cohort supports
previous findings that testicular FDG uptake reflects intrinsic metabolic activity rather than systemic
glucose fluctuations (9, 12). This observation also parallels physiological data from other hormonally
active organs, such as the ovaries and adrenal glands, in which metabolic tracer uptake varies with
endocrine activity rather than circulating glucose concentration [1,3,5].

Collectively, the present data and prior literature indicate that physiological testicular FDG
uptake declines progressively with age due to metabolic and hormonal changes associated with
gonadal senescence. Recognition of this normal age-related pattern is important for clinical
interpretation of PET/CT scans, particularly in distinguishing physiological from pathological uptake
in the scrotal region [4,10,13]. Future studies incorporating concurrent hormonal assays, such as
serum testosterone and LH/FSH levels, may further elucidate the relationship between testicular
metabolism and endocrine aging.

Limitations

Several limitations should be acknowledged.

First, serum levels of reproductive hormones such as testosterone, LH, and FSH were not
available for correlation, which limits interpretation of the metabolic-endocrine relationship. Second,
the study was cross-sectional; longitudinal assessment could better capture dynamic metabolic
changes over time. Third, partial-volume effects and differences in scanner calibration may have
influenced absolute SUV values despite uniform imaging protocols.

Finally, the study population consisted solely of men without known testicular disease, and the
findings may not be generalizable to patients with subclinical or treated gonadal disorders.
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Future research that integrates simultaneous hormonal profiling, histopathological correlation,
and advanced metabolic imaging using tracers such as 18F-FLT or FAPI is warranted to further
elucidate the mechanisms underlying age-related testicular metabolic decline.

5. Conclusions

This study demonstrates a significant but modest age-related decline in physiological 18F-FDG
uptake in the testes of healthy adult men. The reduction in SUV_mean occurs independently of
testicular volume, indicating that testicular glucose metabolism decreases with advancing age due to
intrinsic metabolic and endocrine alterations rather than solely structural atrophy. No association
was found between serum glucose level and testicular FDG uptake, supporting the notion that
testicular metabolic activity reflects local physiological regulation rather than systemic glycemia.
Recognition of this age-dependent physiological pattern is essential for accurate interpretation of
PET/CT findings in the scrotal region, helping to avoid misdiagnosis of benign metabolic variation
as pathological uptake.
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