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Nitric Oxide and Hormones
“Aging is the loss of hormones. 
Aging is the loss of nitric oxide.”

—Beth Shirley RPh CCN

Nitric oxide (NO) supports homeostasis in the endothelium. Endothelial cells are cells that 

line the interior surface of blood vessels or lymphatic vessels. Vascular endothelial cells 

line the entire circulatory system, from the heart to the smallest capillaries.  Decreased 

production of NO disrupts this homeostasis and increases the risk for several conditions 

like cardiovascular disease, hypertension, blood clotting and inflammation.

Hormones have a strong effect on the pathways that stimulate NO production. Likewise, 

the presence of NO plays a role in some hormone regulation.  

Aging is the loss of hormones. Aging is the loss of nitric oxide.

The Effects of Aging on Hormones and Nitric Oxide Production

Several hormones positively stimulate endothelial Nitric Oxide Synthase (eNOS) in the 

production of NO. These hormones include: 

• Estrogen

• Testosterone

• Progesterone

• DHEA

• Insulin

• Growth Hormone

• Triiodothyronine (T3)

Hormone production naturally declines as part of the aging process. As a result, this 

combined with other factors of aging cause eNOS function to decrease to around 50 

percent by the time a person is 40 years old. By the time a person ages to 60 years old, 

eNOS only functions at 15% of capacity. 

Figure 1 on the following page illustrates how hormones play a role in endothelial 

health and the potential impact on eNOS functionality. This document can be used for 

reference or to stimulate further conversation about necessary action to maintain NO 

levels and support cardiovascular health. Nitric Oxide regulates hormone release in the 

hypothalamic-pituitary axis.
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Sex Hormones

Nitric oxide regulates hormone release in the hypothalamic-pituitary axis. 

NO triggers the pulsatile release of luteinizing hormone-releasing hormone (LHRH), 

which mediates luteinizing hormone (LH) release. When LH is released, it stimulates the 

production of steroid hormones from the testis (testosterone) and the ovaries (estradiol).

Estrogen stimulates eNOS to produce nitric oxide.  

However, estrogen declines with age. This results in  a noticeable decrease in eNOS 

function around the time of menopause. As a result, 85 percent of women in the US are 

hypertensive by the age of 85.

When available, estrogen also suppresses oxidative stress. As less NO is needed to 

scavenge superoxide, this occurrence increases NO’s bioavailability.

Progesterone.

Progesterone acts directly on epithelial cells of the endometrium to stimulate 

expression of  eNOS.

It also stimulates phosphorylation of eNOS increasing the production of NO.
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Testosterone deficiency induces endothelial dysfunction. 

Deficiency can lead to erectile dysfunction and/or vascular dysfunction. Testosterone 

has dual action in the modulation of the NO cyclic signaling GMP pathway. Testosterone 

has been shown to regulate the NO/cGMP pathway, which directly influences 

endothelial function and endothelial progenitor cells (EPCs). These cells are key for the 

endothelial repair system. Testosterone also modulates the phosphodiesterase 5 (PDE5) 

activity in penile tissue.

Aromatase inhibitors impair endothelial function. 

Estrogen derived from aromatase has vital effects on NO production and endothelial 

function. However, aromatase inhibitors such as letrozole and anastrozole hinder 

estrogen production. Not only are aromatase inhibitors used in breast cancer treatment, 

they are frequently added  to compounded prescriptions of testosterone replacement 

therapy for men.

Adrenal Glands 

The adrenal glands require adequate nitric oxide to work effectively. 

Glucocorticoid production in the adrenal glands is increased in the absence of NO. 

Cortisol is the only hormone that naturally increases with age. All of this has the effect of:

• Inhibiting iNOS, thus impairing immune response

• Inhibiting eNOS, thus causing cardiovascular complications such as hypertension

and blood clotting

• Increased reactive oxygen species (ROS) produced by mitochondria, NADPH

oxidase (NOX) and xanthine oxidase. This increases oxidative stress thereby

decreasing the production of NO

• Decreased synthesis of BH4 which increases NOS uncoupling, resulting in increased

oxidative stress and decreasing the production of NO

• Decreased membrane transport of L-arginine thus decreasing the substrate for NOS

DHEA is a prohormone which can be metabolized into other estrogens and testosterone. 

It is synthesized in the adrenal cortex, gonads, adipose tissue, brain and skin. It directly 

increases NO production by the activation of eNOS.

Low DHEA levels are associated with higher risk of ED in men and low sexual 

responsiveness in women.

Pituitary Gland 

Growth Hormone (GH) and IGF1 stimulate eNOS. 

Adult hypo-pituitarism and untreated GH deficiency is associated with endothelial 

dysfunction, decreased NO production, increased peripheral resistance and increased 

cardiovascular mortality and morbidity.
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Oxytocin affects sexual health. 

Oxytocin induces penile erection by increasing NOS activity in the cell bodies of 

oxytocinergic neurons, projecting to extra-hypothalamic brain areas and mediating the 

behavioral responses.

Oxytocin, the ‘love hormone,’ increases NO production through the NOS enzyme 

system and levels are greatly increased after an orgasm in both men and women. 

Nitric Oxide could extend fertility.

NO appears to slow or reverse the aging of eggs in mouse ovaries. This finding suggests 

NO may help women in their 30s and 40s remain fertile longer and increase their 

chances of having healthy babies. 

Metabolic System

NO regulates carbohydrate metabolism and insulin production.

NO is also emerging as a central regulator of energy metabolism and body 

composition. Impairment of NO synthesis is a central defect causing metabolic 

abnormalities associated with insulin resistance. Appropriate amounts of insulin will 

stimulate NOS activity but inappropriate amounts of insulin, as in insulin resistance, 

decrease NOS activity. Increasing NO output has remarkable effects on obesity and 

insulin resistance. For example, NO helps activate GLUT4 receptors for transport of 

glucose into the cells. 

Insulin stimulates eNOS activity, which is vital for NO production  

in the endothelium.  

Insulin resistance decreases eNOS phosphorylation which increases NOS uncoupling. 

This contributes to the loss of endothelial function and increases expression of vascular 

cell adhesion molecule 1 (VCAM 1) and other adhesion molecules increasing 

cardiovascular complications.

Polycystic Ovarian Syndrome

Polycystic Ovarian Syndrome (PCOS) is correlated to insulin resistance, diabetes, 

obesity, oxidative stress, inflammation, and cardiovascular disease. All of these 

conditions are mediated by NO. PCOS can have the following effects on the body:

• Increased oxidative stress and NOS uncoupling decreasing NO levels

• Decreased T regulatory cells which modulate the immune system, maintain

tolerance to self-antigens, and prevent autoimmune disease. These are known to

be regulated by NO levels.

• Increased asymmetric dimethylarginine (ADMA) synthesis which decreases arginine

bioavailability. Arginine is converted by healthy eNOS into NO.

• Increased ADMA uncouples NOS, decreasing NO Production and increasing

superoxide production.

• ADMA competes with L-arginine for it’s place in the NOS enzyme thus decreasing

the production of NO.
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Thyroid

Cold extremities as a symptom in individuals with thyroid imbalance may be a result of 

NO deficiency.

In the thyroid, NADPH oxidase (NOX) enzymes called DUOX1 and DUOX 2 increase the 

generation of ROS (reactive oxygen species), such as superoxide and hydrogen peroxide. 

This is important because a precise amount of hydrogen peroxide is required for thyroid 

peroxidase (TPO) to function optimally. Increased DUOX activity, along with reduced TPO 

activity, has deleterious effects on the thyroid tissue caused by oxidative stress.

Several factors such as environmental toxicities, mast cell activation, stress, chronic 

infections or inflammation contribute to the upregulation of NOX and DUOX, which 

increases ROS. However, NO and nitrites inhibits NOX and the DUOX enzymes. 

Supporting the nitrate to nitrite to NO pathway may be an underutilized thyroid therapy 

due to it’s role in decreasing the production of superoxide and other ROS by optimizing 

NO levels, scavenging ROS, and supporting healthy circulation and microcirculation. 

Circadian Rhythm

Decreased NO from aging is linked to impaired circadian rhythm

Reduced NO production contributes to age-associated impairment of clock gene 

expression. Basically, impairment of NO production results in a phase shift of the 

circadian clock. When circadian rhythmicity is impaired, a condition called non-

dipper hypertension can occur. This refers to when blood pressure does not decrease 

nocturnally as it should. Non-dippers experience impaired endothelial-dependent 

vasodilation, attributed to a decrease of NO production. This increases the risk for 

cardiovascular disease. 

Final Thoughts

By the time we are 40, our ability to produce NO through the arginine/NOS pathway 

decreases to 50%. By the time we are 60, it has decreased to 15%. Supporting the 

nitrate-to-nitrite-to-NO pathway facilitates the optimal production of NO to prevent 

many age-related diseases. Nitrate supplementation also supports the recoupling of the 

NOS enzyme, therefore increasing its functionality to produce more NO and decrease 

oxidative stress. 
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