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ABSTRACT
Objective: This study investigated whether ingesting a NO-boosting dietary supplement with Sildenafil one hour 

before sleep can improve nighttime erectile function compared to Sildenafil alone, using the TechRing by FirmTech 

to measure penile pressure while sleeping.

Methods: Twenty-two men (mean age 55, mean SHIM score 18.1) participated in the study. Participants wore the 

FirmTech TechRing, a validated device that measures erectile firmness and duration, over four nights. Following a 

two-day washout period without ejaculation or ED-related medications/substances, participants recorded baseline 

erectile activity after ingesting 40 mg Sildenafil one hour before sleep for two nights, then ingested two tablets of a 

nitric oxide-boosting supplement (containing L-citrulline, red beet root extract, Panax ginseng, and Muira Puama) in 

addition to the 40 mg Sildenafil one hour before sleep for two subsequent nights. Erectile quality was quantified as 

the area under the curve per hour of sleep (AUC/hr).

Results: AUC/hr significantly increased from a mean of 87 (baseline) to 117 (with supplements) with a mean 

difference of 30 and a p-value of 0.00004 (t=5.219). The number of nightly erections showed a significant increase 

from 3.25 to 3.87 with a mean difference of 0.62 and a p-value of 0.034 (t=2.285). No significant side effects were 

reported.

Conclusion: The combination of Sildenafil and a NO-boosting dietary supplement increased the intensity, duration 

and number of nighttime erections compared to Sildenafil alone without side effects. This study supports the use of a 

dual-therapy approach to ED treatment that minimizes side effects from high PDE5i doses.
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INTRODUCTION
Erectile Dysfunction (ED) negatively impacts mental, emotional
and sexual health [1]. Treatment for ED can enhance quality of
life and adequate circulation is essential for erectile function.
Nitric Oxide (NO) is critical for arterial vasodilation and
adequate levels are required to maintain erectile function [2].
However, NO levels decline with age, contributing to increased
ED prevalence [3]. In mammals, NO is generated via the
citrulline/arginine pathway and the nitrate/nitrite/NO pathway
[4,5]. Through the NO-cGMP signaling pathway, NO elevates
cyclic Guanosine Monophosphate (cGMP) levels, initiating a

cascade that results in arterial dilation [6,7]. This vasodilation 
facilitates oxygen and nutrient delivery to muscle tissues, 
boosting energy, enhancing exercise performance and improving 
recovery post-exercise [8].

NO-boosting supplements such as L-citrulline, Panax ginseng root 
extract, beetroot extract and Muira puama extract enhance NO 
bioavailability and support cardiovascular health by lowering 
blood pressure and improving circulation. L-citrulline and Panax 
ginseng act through the citrulline/arginine pathway [9,10], while 
beetroot increases NO via the nitrate/nitrite/NO pathway. 
Muira puama is believed to influence the NO-cGMP pathway.
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supplement contains 750 mg L-Citrulline, 65 mg Muira Puama 
extract 4:1, red beet root extract 45 mg 4:1 and Panax ginseng root 
extract 35 mg 4:1. This supplement is commercially available as 
AFFIRM. Sildenafil was administered as two 20 mg tablets.

Participants wore the TechRing during sleep to measure 
nighttime erectile function. The TechRing uses two sensors and 
an artificial intelligence interface to measure the firmness and 
duration of erections.

The research protocol involved a 2-day washout period with no 
ejaculation, ED medications or supplements. On days 1 and 2, 
participants ingested 40 mg Sildenafil one hour before sleep and 
wore the TechRing while sleeping. On days 3 and 4, participants 
ingested two AFFIRM supplement tablets and 40 mg Sildenafil 
one hour before sleep and wore the TechRing while sleeping. 
Data from the TechRing was uploaded from the FirmTech 
mobile app. To standardize results between patients and between 
days, the Area Under the Curve per hour of sleep (AUC/hr) was 
calculated from the TechRing data as a measure of erectile 
activity.

RESULTS
Participants taking 40 mg Sildenafil without AFFIRM 
supplements on days 1 and 2 had a mean AUC/hr of 87 and a 
mean of 3.25 nightly erections. Participants taking 40 mg 
Sildenafil with AFFIRM supplements on days 3 and 4 had a 
mean AUC/hr of 117 and a mean of 3.87 nightly erections. The 
difference in means was 30 (34% increase) with a p-value of 
0.00004 (t=5.219). The difference in means of nightly erections 
was 0.62 (19% increase) with a p-value of 0.034 (t=2.285). No 
side effects were self-reported from taking AFFIRM supplements 
or 40 mg Sildenafil before sleep (Table 1).

AUC/hr mean AUC/hr median Number of erections

Sildenafil 40 mg 87 88 3.25

Sildenafil 40 mg and AFFIRM 117 110 3.87

Mean difference 30 23 0.52

Percentage difference 34% 26% 19%

effects as measured by the area under the curve per hour. There
was also a significant increase in nightly erections (p-
value=0.034). These results support the synergistic effects
between NO boosters and PDE5i in treating ED.

As men age, they experience an increase in erectile dysfunction.
One way to improve erectile function is by enhancing the
vascularity of the penis through focused shockwave therapy and
platelet-rich plasma injections. Less-invasive methods include
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Phosphodiesterase type 5 (PDE5), highly expressed in penile 
tissue, degrades cGMP. PDE5 inhibitors (PDE5i) maintain 
cGMP levels by selectively inhibiting PDE5 activity.

First-line ED therapies, including PDE5i and NO boosters, are 
typically administered orally and are preferred over second and 
third-line therapies [11]. Our previous research [12] supported the 
use of NO boosters as potential standalone treatments for ED. 
There is a growing body of literature that investigates the 
synergistic effects of NO and PDE5i [13-18], but there is a lack of 
studies that investigate their combined effects in human subjects 
using objective measurements. Most ED research relies on 
subjective instruments, such as the International Index of Erectile 
Function (IIEF), the Sexual Health Inventory for Men (SHIM) 
and the Erection Hardness Score (EHS). Objective tools, such as 
Nocturnal Penile Tumescence (NPT) assessments, are less 
commonly used. Subjective evaluations may be influenced by 
emotions, memory and interpretation, suggesting an incomplete 
picture of erectile health. In contrast, objective measures allow for 
the unbiased assessment of treatment efficacy and differentiation 
between psychogenic and non-psychogenic ED causes [1]. 
Combining both approaches may offer a more comprehensive 
understanding of ED.

AFFIRM is a commercially available NO-boosting supplement 
produced by AFFIRM Science, containing L-citrulline, Muira 
puama extract, red beetroot extract and Panax ginseng root 
extract. NPTs or nighttime erections, occur spontaneously 
during sleep and are used as indicators of erectile health [19]. 
The TechRing, a smart wearable developed by FirmTech, is a 
validated, non-invasive tool that uses two sensors and an AI 
interface to objectively monitor NPT by measuring erection 
firmness and duration [20-24]. The present study aimed to 
determine whether ingesting two AFFIRM tablets one hour 
before sleep improves NPT as measured by the TechRing.

MATERIALS AND METHODS
Twenty-two men (mean age 55, mean SHIM score 18.1) 
completed  the study. A single tablet of  the NO-boosting  dietary

DISCUSSION
The present study aimed to determine if ingesting 2 AFFIRM 
tablets with 40 mg Sildenafil one hour before sleep can improve 
nighttime erections by using the TechRing to measure mean 
NPT and the mean number of nightly erections. It was found 
that AFFIRM, consisting of NO boosters L-citrulline, Muira 
puama extract, red beet root extract, and Panax ginseng root 
extract, improves  erectile quality (p-value=0.00004) without side
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Table 1: Comparison of AUC/hr and number of erections between Sildenafil 40 mg and Sildenafil 40 mg with AFFIRM treatment.



strengthening the nitric oxide signal, which leads to an increase
in cyclic GMP and dilates blood vessels and blocking the
breakdown of cGMP. Our previous research [12] has shown that
ingesting nitric oxide boosters like AFFIRM is a safe way to
amplify the NO signal in men. PDE5 inhibitors, such as
Sildenafil, block the enzyme that breaks down cGMP, resulting
in elevated cGMP levels and improved erectile function.

The combination of 40 mg Sildenafil and a NO-boosting dietary
supplement increased the duration, intensity and number of
nighttime erections compared to 40 mg Sildenafil alone as
measured by the TechRing. This NO-boosting dietary
supplement improves genital circulation at night. This NO-
boosting supplement may also be synergistic with Sildenafil and
improve genital circulation during awake sexual activity. Many
men who take PDE5i will get side effects. Taking a NO-boosting
dietary supplement may boost the effectiveness of a PDE5i
without generating side effects that can limit the dose.

CONCLUSION
This study provides evidence for the synergy between NO
boosters and PDE5i in treating ED, contributing to the growing
body of literature on the topic. The lack of reported side effects
from this treatment protocol supports the use of this dual-
therapy approach to ED treatment that minimizes side effects
from high PDE5i doses.

DISCLOSURE
This study is sponsored by BrandeisMD. Judson Brandeis, MD,
is president of AFFIRM Science, and Elliot Justin, MD is
president of FirmTech.

REFERENCES
1. Chatterjee R, Haldar A. Understanding the impact of erectile

dysfunction on psychological health. Am J Mens Health.
2020;14(5).

2. Toda N, Ayajiki K, Okamura T. Nitric oxide and penile erectile
function. Pharmacol Ther. 2005;106(2):233-266.

3. Jackson G. Erectile dysfunction and cardiovascular disease. Int J
Clin Pract. 1999;53(5):363-368.

4. Lundberg JO, Weitzberg E, Gladwin MT. The nitrate-nitrite-nitric
oxide pathway in physiology and therapeutics. Nat Rev Drug
Discov. 2008;7(2):156-167.

5. Bryan NS, Loscalzo J. Nitrite and nitrate in human health and
disease. Eur Heart J. 2011;32(11):1332-1333.

6. Ignarro LJ, Buga GM, Wood KS, Byrns RE, Chaudhuri G.
Endothelium-derived relaxing factor produced and released from
artery and vein is nitric oxide. Proc Natl Acad Sci U S A.
1987;84(24):9265-9269.

7. Murad F. Discovery of some of the biological effects of nitric oxide
and its role in cell signaling. Biosci Rep. 2004;24(4-5):452-474.

8. Kramer HF, Ryder JW. Effects of nitric oxide on skeletal muscle
function. Med Sci Sports Exerc. 2021;53(3):557-563.

9. Glenn JM, Gray M, Stewart RW. Effects of L-citrulline
supplementation on blood pressure and nitric oxide
bioavailability. Eu J Appl Physiol. 2019;119(7):1601-1612.

10. Kim TH, Jeon SH, Hahn EJ, Paek KY, Park JK. Panax ginseng
ginsenosides improve nitric oxide bioavailability in endothelial
cells. J Ginseng Res. 2014;38(1):1-7.

11. Burnett AL, Nehra A, Breau RH, Culkin DJ, Faraday MM, Hakim
LS, et al. Erectile dysfunction: AUA guideline. J Urol. 2018;200(3):
633-641.

12. Brandeis J, Justin E. L-citrulline and beet root supplement
improves nighttime erections. Andrology. 2025;14(3):347.

13. Xu Z, Liu C, Liu S, Zhou Z. Comparison of efficacy and safety of
daily oral L‐arginine and PDE5Is alone or combination in treating
erectile dysfunction: A systematic review and meta‐analysis of
randomised controlled trials. Andrologia. 2021;53(4):e14007.

14. Mykoniatis I, Pyrgidis N, Sokolakis I, Ouranidis A, Sountoulides
P, Haidich AB, et al. Assessment of combination therapies vs.
monotherapy for erectile dysfunction: A systematic review and meta-
analysis. JAMA Netw Open. 2021;4(2):e2036337.

15. Wallace AW, Tom WL. Interaction of L-arginine and
phosphodiesterase inhibitors in vasodilation of the porcine internal
mammary artery. Anesth Analg. 2000;90(4):840-846.

16. Paz IA, Silva Filho PM, Junior AS, Pessoa TO, Santiago RO, de
Oliveira NO, et al. Pharmacological evaluation of a new
nanoformulation in the erectile tissue of rabbits and humans. Eur J
Pharmacol. 2024;985:177071.

17. Tar MT, Friedman JM, Draganski A, Davies KP. Topically delivered
nitric oxide acts synergistically with an orally administered PDE5
inhibitor in eliciting an erectile response in a rat model of radical
prostatectomy. Int J Impot Res. 2022;34(6):573-580.

18. Tar MT, Draganski A, Davies KP. Synergy between oral PDE5
inhibitors and topically applied nitric oxide microparticles on the
erectile response in a rat model of cavernous nerve injury. Int J Impot
Res. 2025:1-4.

19. Pryor JL. Physiology of nocturnal penile tumescence. In: Basow
DS, Waltham, MA. 2006.

20. Kasman AM, Bhambhvani HP, Vahdat TA. Objective assessment
of nocturnal penile tumescence using wearable technology. Sex
Med Rev. 2023;11(4):643-650.

21. Gabrielson AT, Vahdat TA, Greenberg DR. TechRing: Wearable
technology for nocturnal erection monitoring. J Sex Med.
2024;21(S1):S147.

22. Ramasamy R, Bhambhvani HP, Gabrielson AT. Smart ring
technology for erectile health monitoring: A clinical validation.
Curr Urol Rep. 2024;25(2):88-94.

23. Gabrielson AT, Lin K, Patel J. Measuring erectile firmness with a
smart ring: A pilot study. J Sex Med. 2024;21(S1):S161.

24. Ziegelmann MJ, McVary KT. TechRing device for monitoring
erectile health. Transl Androl Urol. 2024;13(2):151-158.

Brandeis J, et al.

Andrology, Vol.15 Iss.1 No:1000367 3

https://www.sciencedirect.com/science/article/pii/S0163725804002153?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0163725804002153?via%3Dihub
https://www.pnas.org/doi/abs/10.1073/pnas.84.24.9265
https://www.pnas.org/doi/abs/10.1073/pnas.84.24.9265
https://portlandpress.com/bioscirep/article-abstract/24/4-5/452/55070/Discovery-of-Some-of-the-Biological-Effects-of?redirectedFrom=fulltext
https://portlandpress.com/bioscirep/article-abstract/24/4-5/452/55070/Discovery-of-Some-of-the-Biological-Effects-of?redirectedFrom=fulltext
https://www.auajournals.org/doi/10.1016/j.juro.2018.05.004
https://onlinelibrary.wiley.com/doi/10.1111/and.14007
https://onlinelibrary.wiley.com/doi/10.1111/and.14007
https://onlinelibrary.wiley.com/doi/10.1111/and.14007
https://onlinelibrary.wiley.com/doi/10.1111/and.14007
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2776549
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2776549
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2776549
https://journals.lww.com/anesthesia-analgesia/abstract/2000/04000/interaction_of_l_arginine_and_phosphodiesterase.12.aspx
https://journals.lww.com/anesthesia-analgesia/abstract/2000/04000/interaction_of_l_arginine_and_phosphodiesterase.12.aspx
https://journals.lww.com/anesthesia-analgesia/abstract/2000/04000/interaction_of_l_arginine_and_phosphodiesterase.12.aspx
https://www.sciencedirect.com/science/article/abs/pii/S0014299924007611?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0014299924007611?via%3Dihub
https://www.nature.com/articles/s41443-021-00451-6
https://www.nature.com/articles/s41443-021-00451-6
https://www.nature.com/articles/s41443-021-00451-6
https://www.nature.com/articles/s41443-021-00451-6
https://www.nature.com/articles/s41443-025-01147-x
https://www.nature.com/articles/s41443-025-01147-x
https://www.nature.com/articles/s41443-025-01147-x

	Contents
	Combining a Nitric Oxide Boosting Dietary Supplement with Sildenafil Improves Nighttime Erections more than Sildenafil alone
	ABSTRACT
	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	CONCLUSION
	DISCLOSURE
	REFERENCES




