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Weight loss-independent
changes in human growth
hormone during water-only
fasting: a secondary evaluation
of a randomized controlled trial
Benjamin D. Horne 1,2,3 , Jeffrey L. Anderson1,4,
Heidi T. May1, Tami L. Bair1, Viet T. Le1,5, Leslie Iverson1,
Kirk U. Knowlton1,4 and Joseph B. Muhlestein1,4*

1Cardiovascular Department, Intermountain Medical Center Heart Institute, Salt Lake City, UT, United
States, 2Division of Cardiovascular Medicine, Department of Medicine, Stanford University, Stanford,
CA, United States, 3Cardiovascular Institute, Stanford University School of Medicine, Stanford,
CA, United States, 4Cardiology Division, Department of Internal Medicine, University of Utah, Salt Lake
City, UT, United States, 5Physician Assistant Department, Rocky Mountain University of Health
Professions, Provo, UT, United States
Introduction: Water-only fasting for one day or more may provide health

benefits independent of weight loss. Human growth hormone (HGH) may play

a key role in multiple fasting-triggered mechanisms. Whether HGH changes

during fasting are independent of weight loss and how basal HGH and HGH

change relate to other fasting-induced changes are unknown.

Methods: Apparently healthy individuals (N=30) were randomized by Latin square

to begin two days with either 24-hour water-only fasting or a control of 24-hour

ad libitum eating. On day 2, subjects were crossed over to control (if day 1 was

fasting) or fasting (if they ate on day 1). HGH, weight, and other parameters were

measured at baseline and at the end of the first and second days.

Results: Baseline HGH had median 0.50 ng/mL for females (n=20) and 0.04 ng/

mL for males (n=10), and correlated inversely with weight, glucose, insulin, and

triglycerides and positively with changes in insulin and HOMA-IR. The 24-hour

fasting-induced HGH change was uncorrelated with weight loss (r= 0.01,

p=0.98), but correlated with changes in glucose, HGB, and IGF-1. The percent

increase in HGH was greater (p<0.001) for lower (females ≤0.15 ng/mL, males

≤0.05 ng/mL) vs. higher baseline HGH (median: 1,225% vs. 50.3%, respectively).

Subjects with lower baseline HGH had a trend to greater reduction of HOMA-IR

(median: -6.15 vs. -1.35 for lower vs. higher HGH, respectively, p=0.08).

Conclusions: Fasting increased HGH and the HGH changes were independent of

weight loss. Basal HGH and fasting-induced HGH changes correlated inversely

with cardiometabolic risk factors.Clinical Trial Registration: clinicaltrials.gov,

identifier NCT01059760.
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Introduction

Intermittent fasting reportedly triggers various health benefits,

the most studied of which is weight loss (1). Fasting may also

improve major cardiovascular and metabolic risk factors for

chronic disease such as blood pressure, cholesterol levels, and

glucose concentrations (1), and activate other possible benefits

through various mechanisms. Fasting triggers health benefits

through multiple pathways, including weight loss that leads to

consequent health improvements (2–6), chronobiological effects

that may normalize circadian rhythms of glucose metabolism

irrespective of weight loss (7, 8), and other mechanisms that are

not dependent on weight change (9–14). Crucially, fasting for

durations longer than 20 hours may induce a multitude of weight

loss-independent benefits (9–15).

Some weight loss-independent benefits of fasting involve a

metabolic transition in the human body from the use of glucose

for energy to the use of fatty acid-derived ketones (9, 10, 12, 13, 15).

Use of ketones for energy depends primarily on the duration of

complete or near-complete restriction of energy intake (9, 10, 12,

13, 15). The consequences of ketone use may include the reduction

of insulin resistance (14). Other fasting duration-dependent

mechanisms may include activating and enhancing autophagy

(16–19), mitophagy (20–23), and mitochondriogenesis (23),

regulating energy expenditure (24, 25), the immune system (17),

and inflammation (17, 26, 27), and engineering a healthy

microbiome (12, 28). Further duration-driven benefits may

ameliorate heart failure (HF) risk by triggering natriuresis (11, 29,

30), increasing hemoglobin without hemoconcentration (11, 30),

and (based on an animal model) protecting the heart from stress

while inducing stronger myocardial contraction (31).

Finally, the human growth hormone (HGH)/insulin-like

growth factor-1 (IGF-1) axis and especially reduced HGH

production is involved in HF development and progression (32–

34). Prolonged water-only fasting substantially increases

endogenous HGH during the fasting period, with return of HGH

to basal levels on refeeding (11, 35–37). HGH regulates a broad

array of metabolic actions in adults. It exerts direct impacts on

protein conservation during episodes of fasting, including the

stimulation of protein synthesis and the sparing of lean muscle

mass (35, 36). HGH also directly regulates IGF-1 and insulin, and

can activate other anabolic agents (36). In adipose tissue, HGH has

a catabolic effect where it metabolizes triglycerides into free fatty

acids (38). As noted above, this triggering of increased

concentrations of circulating ketones is one of the central

pathways of weight loss-independent benefits from fasting.

Further, HGH may reduce the risk of developing HF and, in

people with diagnosed HF, HGH may prevent further

degradation in myocardial function (32–34). This study evaluated

whether changes in HGH due to 24-hour water-only fasting

correlate with change in weight to determine whether these

changes are independent and secondarily evaluated whether basal

HGH or fasting-induced change in HGH concentrations are

associated with baseline cardiovascular and metabolic risk factors

or their changes during water-only fasting.
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Methods

Study design, population, and
prior findings

Previously, a randomized controlled cross-over trial evaluated

30 individuals over two 24-hour periods in which one 24-hour

period was a water-only fasting intervention and the other was an

ad libitum control in which the subjects were allowed to eat any

food and consume any beverage but were encouraged to follow their

usual diet (11). The order of the intervention and control periods

was randomized 1:1 by Latin square design in which n=16 fasted the

first day and ate the second day, while the other n=14 ate the first

day and fasted the second day. The cross-over design matched

intervention and control periods within each subject for all

individual-specific factors. The Intermountain Health Institutional

Review Board approved the trial and it was registered at

ClinicalTrials.gov (NCT010159760) before any subjects were

enrolled (January 28, 2010). Participants were consented at

enrollment to participate in the processes and parameters of the

original trial as well as long-term blood sample storage and testing

for evaluation of subsequently derived novel hypotheses using

available study samples and data. This new evaluation of HGH

and other parameters was a post hoc secondary evaluation of

existing data originally collected during the conduct of the trial.

Subject dietary consumption prior to the trial and during the

two-day trial participation were not recorded under the instruction

for the trial that adherence was intended to reflect real-world

practices. Subjects were counseled to drink sufficient water to

remain well hydrated during fasting and results suggested that

hemoconcentration did not occur (11). In the 30 subjects, as

previously reported (11), ages ranged from 18-70 years, 66.7%

were female, and the primary previous findings included marked

increases over 24 hours of fasting in HGH and hemoglobin (HGB),

significant declines in weight, triglycerides, sodium (i.e., natriuresis)

and other circulating parameters included in the basic metabolic

profile, and homeostatic model assessment of insulin resistance

[HOMA-IR, calculated as: (insulin in mIU/L × glucose in mg/dL)/

405] and its components, but no substantial changes in blood

pressures, high-sensitivity C-reactive protein (hsCRP), or waist

circumference (11). A subsequent evaluation of metabolomic

factors confirmed that substantial increases in concentrations of

circulating fatty acids occurred during a 24-hour water-only fast in

this population (12).
Trial inclusions and exclusions

Inclusion criteria for the trial were that subjects had to be free of

any deliberate fasting for more than 12 hours per episode during a

1-year period prior to enrollment, had to not routinely diet by

skipping meals, and had to not engage in caloric restriction by

limiting caloric intake to below 80% of the US FDA recommended

daily intake during the prior 2 years (11). People were excluded if

they had a history of stroke, history of myocardial infarction, past or
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current smoking history, prior diagnosis of peripheral vascular

disease, current use of insulin, active receipt of any therapy for

cancer, any disorders of the immune system or immunodeficiency,

current use of an immunosuppressive agent, or prior solid organ

transplant in the preceding year.
Data collection

Peripheral blood samples were drawn at baseline (0 hours) in

the post-prandial state within 30 minutes after a standard meal, at

the 24 hour end of the first day-long period (either the end of the

fasting day or the end of the control day, depending on the

randomized sequence of the two day-long periods), and at 48

hours (either the end of the control day or the end of the fasting

day, respectively) (11). Testing at the end of the fasting day was

conducted prior to breaking of the fast. Samples were either tested

in the central clinical laboratory of Intermountain Health (for lipid

panels, hsCRP, insulin, the basic metabolic profile, and the complete

blood count) or in the cardiovascular research laboratory (i.e., HGH

and IGF-1). Of note, HGH levels in adults differ by sex (clinical

normal range for adult males is 0.05-3.00 ng/mL and for adult

females is 0.05-8.0 ng/mL). Demographics, weight, height, and

waist circumference were collected or measured using standard

protocols in a research clinic by a trained clinical research

coordinator and were monitored and verified by a clinician.
Statistical considerations

Means with standard deviations (SD), medians with

interquartile ranges (IQR), and numbers of subjects with

percentages are presented for baseline characteristics, as

appropriate for each variable. Differences in baseline

characteristics between groups defined by HGH measured at

baseline were compared using the chi-square test or Student’s T-

test, with the exception of hsCRP that was non-normally distributed

and was examined using the non-parametric Mann-Whitney test.

For HGH, weight, and HOMA-IR outcomes, because the

distributions of baseline HGH, the change in HGH during

fasting, and HOMA-IR measures were non-normally distributed,

comparisons of means for outcome assessments used the Mann-

Whitney test and correlation statistics used the non-parametric

Spearman’s rho (a type of rank correlation coefficient). Medians

with IQR and means with SDs are presented for HGH-related

measures, while weight-related measures are presented with just

means with SDs and HOMA-IR related data are presented with

medians and IQRs. Analyses used SPSS v.29.0 (IBM SPSS, Armonk,

NY) and p ≤ 0.05 was designated as nominally significant for the

primary comparisons of HGH change and weight loss. Other

comparisons were not corrected for multiple comparisons but

were considered confirmatory of prior data or hypothesis-

generating results in need of further evaluation in future studies.
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Results

Baseline HGH for females (n=20) was a median of 0.50 ng/mL

and interquartile range (IQR): 0.09 to 1.19 ng/mL (mean 1.26 ± 1.89

ng/mL, minimum 0.03 ng/mL, maximum 5.83 ng/mL), while

baseline HGH for males (n=10) was median 0.04 ng/mL and

IQR: 0.04 to 0.29 ng/mL (mean 0.23 ± 0.40 ng/mL, minimum

0.02 ng/mL, maximum 1.26 ng/mL). Baseline weight averaged 72.5

± 15.3 kg (median: 71.4 kg, IQR: 61.9 to 80.6 kg) for females and

99.3 ± 31.2 kg (median: 86.9 kg, IQR: 74.4 to 136.1 kg) for males.

Age averaged 44 years; other baseline characteristics are shown in

Table 1. Of note, baseline IGF-1 did not differ between participants

with lower versus higher baseline HGH (Table 1).

Baseline HGH was weakly inversely correlated (Table 2) with

weight (r= -0.25, p=0.023, Figure 1A), waist circumference, glucose,

insulin, and HOMA-IR, was moderately inversely correlated with

triglyceride levels, and was positively correlated with HDL-C,

change in insulin during fasting, and change in HOMA-IR during

fasting. The 24-hour HGH change during fasting did not correlate

with fasting-induced weight loss (r= 0.01, p=0.98, Figure 1B) and

was also not correlated with baseline HGH (r= -0.15, p=0.45) or

baseline weight (r= -0.23, p=0.26), but did correlate with fasting-

induced changes in glucose, HGB, and IGF-1 (Table 2). Relative

changes in HGH during fasting (normalized to baseline HGH) were

correlated with its denominator (i.e., baseline HGH) with r= -0.74

(p<0.001) and numerator (i.e., absolute HGH change) with r=0.70

(p<0.001), along with baseline HDL-C (r= -0.37, p=0.042), but not

with baseline weight (r= -0.01, p=0.95) or fasting-induced weight

loss (r=0.07, p=0.72).

Two categories of baseline HGH were created using sex-specific

thresholds for HGH values and ensuring approximately similar

sample sizes, with “lower baseline HGH” defined as HGH ≤0.15 ng/

mL for females and ≤0.05 ng/mL for males, and “higher baseline

HGH” being HGH >0.15 ng/mL for females and >0.05 ng/mL for

males. These separated the population into two distinct groups at

p<0.001 [mean HGH: 0.07 ± 0.04 ng/mL (median: 0.05 ng/mL) for

lower HGH (n=15) vs. 1.77 ± 1.97 ng/mL (median: 0.63 ng/mL) for

higher HGH (n=15)], and results were similarly different for

females and males. For females, the lower HGH category (n=8)

had median HGH of 0.09 ng/mL (mean 0.09 ± 0.04 ng/mL, range:

0.03-0.15 ng/mL), and the higher HGH category (n=12) had

median HGH 0.81 ng/mL (mean: 2.04 ± 2.12 ng/mL, range: 0.31-

5.83 ng/mL). For males, the lower HGH category (n=7) had median

HGH 0.04 ng/mL (mean: 0.04 ± 0.01 ng/mL, range: 0.02-0.05 ng/

mL) and the higher HGH category (n=3) had median HGH 0.54 ng/

mL (mean: 0.67 ± 0.54 ng/mL, range: 0.20-1.26 ng/mL).

No difference was found between HGH categories for baseline

weight (mean weight: 84.3 ± 26.8 kg for lower HGH group vs. 78.5 ±

23.3 kg for higher HGH group, p=0.65), as was the case for both

females and males (Figure 2). Interestingly, as the correlation results

suggested for baseline HGH and HOMA-IR (Table 2), a trend

(p=0.08) was found for greater reduction of HOMA-IR (median:

-6.15, IQR: -10.01 to -1.03) during fasting in subjects with lower
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baseline HGH compared to those with higher baseline HGH

(median HOMA-IR change: -1.35, IQR: -4.45 to -0.61). This was

due to a trend to a potentially greater reduction in insulin during

fasting (median: -12.9 mIU/L vs. -4.8 mIU/L, p=0.13) and not

glucose change (median: -2.0 mg/dL vs. -9.0 mg/dL, p=0.11) for

lower and higher baseline HGH categories, respectively.

During the 24-hour fast, the relative increase in HGH

(calculated as the percent change during fasting divided by

baseline HGH) was greater (p<0.001) in subjects with lower

baseline HGH (as noted above, ≤0.15 ng/mL for females and

≤0.05 ng/mL for males), with relative HGH change of median

1,225% (IQR: 450% to 5,740%, mean: 3,930% ± 5,656%, minimum

125%, maximum 20,000%). For those with higher baseline HGH,

the relative HGH change was median 50.3% (IQR: -47.9% to 274%,

mean: 249% ± 651%, minimum -58.7%, maximum 2,545%). Sex-

specific changes in HGH were similarly larger in the category with

lower baseline HGH compared to those with higher baseline HGH

where females (n=8) had a median HGH change of 720% (IQR:

475% to 5,202%, mean: 2,934% ± 4,514%) in the lower baseline
Frontiers in Endocrinology 04
HGH category, while in the higher baseline HGH category females

(n=12) had a median HGH change of 38.1% (IQR: -49.8% to 240%,

mean: 91% ± 162%), with p<0.001 between the HGH groups for

females. For males (p=0.09), the HGH change was a median of

3,425% (IQR: 300% to 5,740%, mean: 5,069% ± 6,931%) in the

lower baseline HGH category (n=7), while in the higher baseline

HGH category males (n=3) had median HGH change of 73.0%

(IQR 23.2% to 2,545%, mean: 880% ± 1,442%).

Relative change in HGH was not different between subjects

stratified by baseline weight (median relative HGH change: 274%

vs. 375% in subjects with baseline weight below vs. above the sex-

specific median, respectively, p=0.96), and results were similarly not

different by baseline weight strata when analyzed separately for each

sex. The relative increase in HGH during fasting in females with

lower baseline weight (≤70 kg, n=9) was a median of 274% (IQR:

-13.8% to 4,004%, mean: 2,390% ± 4,454%) compared to a median of

137% (IQR: 38.1% to 612%, mean: 296% ± 314%) for females (n=9)

with higher weight (p=0.76). For males, the relative HGH change was

a median of 1,335% (IQR: 48.7% to 4,941%, mean: 2,108% ± 2,687%)
TABLE 1 Baseline characteristics of the study population.

Characteristic Overall

Baseline HGH (ng/mL)

p-value

(F: ≤0.15, (F: >0.15,

M: ≤0.05)* M: >0.05)*

Sample size N=30 n=15 n=15 ———

Age (years) 43.6±13.5 41.2±13.4 46.0±13.6 0.34

Sex (female) 20 (66.7%) 8 (53.3%) 12 (80.0%) 0.12

Weight (kg) (n=27) 81.5±24.9 84.3±26.8 78.5±23.3 0.55

Height (cm) (n=27) 170±11 170±13 170±9 0.98

BMI (kg/m2) (n=27) 27.8±6.6 28.6±5.5 27.1±7.7 0.55

Waist Circumference (cm) (n=27) 86.3±16.2 89.2±16.9 83.2±15.5 0.35

Glucose (mg/dL) 82.4±17.1 82.7±21.4 82.1±12.1 0.93

Insulin (mIU/L) 35.5±28.2 42.0±32.6 28.7±21.6 0.21

HOMA-IR 7.49±6.15 8.95±7.05 5.93±4.79 0.19

Total Cholesterol (mg/dL) 191±30 200±34 182±23 0.09

LDL-C (mg/dL) 105±29 116±26 93±27 0.02

HDL-C (mg/dL) 55.3±15.8 49.3±10.8 61.2±18.1 0.038

Triglycerides (mg/dL) 143±68 173±72 114±49 0.014

hsCRP (mg/L)† 1.35 (0.50,3.88) 1.60 (0.80,5.90) 1.00 (0.40,2.60) 0.31

Sodium (mmol/L) 139.3±1.9 139.1±1.4 139.5±2.0 0.58

Hemoglobin (g/dL) 14.5±1.3 14.7±1.4 14.3±1.3 0.41

RDW-CV (%) 13.7±0.8 13.8±0.9 13.5±0.5 0.22

IGF-1 (ng/mL) 200±89 208±68 192±110 0.66

HGH (ng/mL)† 0.18 (0.88,1.27) 0.05 (0.04,0.09) 0.63 (0.52,3.56) ———‡
*Thresholds were ≤0.15 ng/mL for females (F) and ≤0.05 ng/mL for males (M) for lower baseline HGH and, for higher baseline HGH, were >0.15 ng/mL for females and >0.05 ng/mL for males;
†Data are median (interquartile range); ‡The concentrations of baseline HGH were statistically significantly different by design.
BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; HGH, human growth hormone; hsCRP, high-sensitivity C-reactive protein; HOMA-IR, homeostatic model assessment of
insulin resistance; IGF-1, insulin-like growth factor-1; LDL-C, low-density lipoprotein cholesterol; RDW-CV, red cell distribution width-coefficient of variation.
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in the lower baseline weight category (≤79 kg, n=4), while males with

higher weight (n=5) had median HGH change of 1,225% (IQR: 187%

to 4,046%, mean: 1,938% ± 2,020%) (p=0.81).

Finally, IGF-1 levels were not significantly changed (-39.5 ng/

mL) after 24 hours of fasting versus baseline/post-prandial (p=0.26).
Frontiers in Endocrinology 05
This included that IGF-1 changes during fasting were not different

between females and males (-21.6 ± 68.8 ng/mL vs. -71.8 ± 106.2 ng/

mL, p=0.23) and did not differ by baseline HGH group (IGF-1

changes: -37.4 ± 81.3 ng/mL for lower baseline HGH vs. -41.9 ± 93.8

ng/mL for higher baseline HGH, p=0.96).
TABLE 2 Correlation coefficients of baseline HGH and weight and changes in HGH and weight during 24-hour water-only fasting compared to each
other and to other cardiovascular and metabolic risk factors.

Study variable

Correlation (r) with:

Weight Weight ChangeHGH HGH Change

HGH ——— -0.15 -0.25* -0.04

HGH Change -0.15 ——— -0.23 0.01

Weight -0.25* -0.23 ——— -0.51†

Weight Change -0.04 0.01 -0.51† ———

Age 0.3 -0.26 -0.16 0.08

Waist Circumference -0.28* 0.09 0.89† -0.42*

Change in Waist Circumference -0.14 0.14 0.09 0.23

Glucose -0.23* -0.38* 0.07 -0.08

Change in Glucose -0.34‡ 0.15 0.33‡ -0.08

Insulin -0.32§ -0.1 0.35§ -0.24

Change in Insulin 0.40* 0.12 -0.21 0.1

HOMA-IR -0.35† -0.13 0.35§ -0.23

Change in HOMA-IR 0.40* 0.15 -0.27 0.11

Total Cholesterol -0.07 -0.03 0.13 0.03

Change in Total Cholesterol 0.01 0.15 0.1 -0.16

LDL-C -0.06 0.06 0.22‡ 0.01

Change in LDL-C -0.19 0.02 0.35‡ -0.27

HDL-C 0.31§ -0.17 -0.49† 0.28

Change in HDL-C 0.05 0.32‡ -0.38* 0.22

Triglycerides -0.40† 0.04 0.38† -0.16

Change in Triglycerides 0.2 -0.18 0.03 -0.06

hsCRP -0.01 -0.001 0.03 0.28

Change in hsCRP 0.08 -0.09 0.38* -0.02

Sodium -0.19‡ -0.31‡ 0.1 -0.25

Change in Sodium 0.15 0.1 0.05 -0.08

Hemoglobin -0.13 -0.06 0.31§ -0.3

Change in Hemoglobin 0.07 0.40* -0.22 0.15

RDW-CV -0.1 0.03 -0.13 0.17

Change in RDW-CV 0.3 -0.04 -0.3 -0.17

IGF-1 -0.13 0.42* 0.30§ 0.05

Change in IGF-1 0.05 -0.35‡ -0.05 0.12
*p ≤ 0.05 (p≥0.01); †p<0.001; ‡p<0.10 (p>0.05); §p<0.01 (p≥0.001). Statistically significant values bolded.
HDL-C, high-density lipoprotein cholesterol; HGH, human growth hormone; hsCRP, high-sensitivity C-reactive protein; HOMA-IR, homeostatic model assessment of insulin resistance; IGF-1,
insulin-like growth factor-1; LDL-C, low-density lipoprotein cholesterol; RDW-CV, red cell distribution width-coefficient of variation.
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Discussion

HGH, fasting, and cardiometabolic disease

In addition to stimulating protein synthesis, sparing lean

muscle, and regulating IGF-1 and insulin (35, 36), HGH triggers

a catabolic effect in adipose tissue that transforms stored

triglycerides into fatty acids (38). This HGH action increases the

concentration of circulating fatty acids that are subsequently

converted in the liver into beta-hydroxybutyrate and other

ketones (9, 10, 13). When ketone exposure is of limited duration,

their use in myocardial cells of an animal model promoted stronger

contraction than when glucose was utilized for energy and they may

thus interdict the deterioration of myocardial strength (31). Ketones
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produced similar results during in vitro examination of human

myocardial cells derived from failing hearts, with contractile

dysfunction improved when additional substrates were added (39).

The length of elevated HGH exposure is important. Long-term

deficiency of HGH is associated with greater severity of

cardiovascular disease and poor prognosis after heart disease

diagnosis (32–34). More generally, decreased expression of HGH/

IGF-1 axis is linked to advanced age and greater adiposity (40). In

apparently healthy males aged >60 years who had chronically low

plasma IGF-1, administration of HGH for 6 months increased

plasma IGF-1 from <350 U/L to 500-1500 U/L and increased lean

body mass by 8.8% and skin thickness by 7.1% (40), while adipose

tissue was reduced by 14.4% (40). Beyond disease, HGH

administration in athletes reduced fat mass and increased lean
FIGURE 1

Scatterplots comparing: (A) baseline HGH to baseline weight (r= -0.25), and (B) fasting-induced changes in HGH to weight loss during
fasting (r=0.01).
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body mass and sprint capacity (41), although HGH administration

produces very minimal to no overall weight loss (42). In contrast,

chronically-elevated HGH is linked to poor HF outcomes, including

increased insulin resistance (33, 38).

Achieving optimal HGH levels for an optimal duration may,

therefore, be optimal for metabolic and cardiovascular health. This

intermittent HGH elevation may be realized through HGH

replacement therapy or potentially via intermittent or periodic

water-only extended fasting (43). A 40-hour fast increased HGH,

reduced free IGF-1, and increased IGFBP-1 in one study where

HGH hypersecretion was not simply the result of reduced free IGF-

1 (37). In another study, HGH increased substantially by 5-fold for

males and 14-fold for females during a 24-hour water-only fast (11).

Additional studies focusing on the effects of starvation in humans

also showed that calorie-free fasting increases HGH (35, 36).

Although such fasting periods of 24-40 hours of calorie-free time

are longer than advocated by the most popular intermittent fasting

regimens (e.g., time-restricted eating and twice-per-week modified

fasting), they are relatively short periods compared to some fasting

regimens that have been studied (15). Their results suggest that

extended fasting need not involve fasting for more than 2 days to

activate key weight loss-independent effects of fasting.

Notably, in rats, fasting downregulates HGH receptors in

hepatic tissue (44), thus some established actions of HGH may

not occur during fasting. For example, in this study of 24-hour

fasting, IGF-1 levels were not increased by elevated HGH,

confirming previous human data for IGF-1 during 1-5 days of

fasting (45–47). Because HGH receptor levels were not measured

herein and fasting-induced HGH changes may act differently in
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distinct tissue types (48), it may be that tissue-specific effects of

HGH are responsible for some of the measured changes in

cardiometabolic parameters in this study. Caution should be

taken in presuming which physiologic mechanisms are in effect

or how these findings may apply to exogenous therapies. The effects

of fasting are biologically balanced by millenia of human experience

with food availability, including the potential side-effects that tend

to be minimal, while modern medical therapies targeting the HGH/

IGF-1 axis may not have as broad or balanced low-risk effects.

While diabetes and coronary heart disease may be prevented or

treated by fasting (1–8), the development and progression of HF

also involves various metabolic and cardiovascular pathways (49),

and these may be ameliorated by water-only fasting through its

effects on HGH and other pathways (32–34, 39, 43). Fasting induces

natriuresis, causing selective excretion of sodium while preserving

blood volume (11, 29, 30). Natriuresis reduces blood pressure,

cardiac load, and risk of poor HF outcomes, and periodic fasting

is associated with lower B-type natriuretic peptide (50). A 24-hour

fast also increases hemoglobin without hemoconcentration,

increasing oxygen carrying capacity and reducing anemia (11,

30). In animal models, fasting activated autophagy and reversed

cardiomyopathy (51), and BHB protected the heart against fasting-

induced stress (31). In addition to neurohormonal influences,

myocardial contractility is heavily influenced by dysregulation of

metabolic pathways involving diminished fatty acid oxidation,

reduced ketone use, and dysfunctional mitochondria (52). Given

the HGH effects of water-only fasting noted above and described in

the current study, these various mechanisms that are triggered by

fasting may reduce HF risk independently of weight loss (50).
FIGURE 2

Boxplots displaying sex-specific baseline levels of weight stratified by baseline HGH categories (Lower HGH: females, ≤0.15 ng/mL; males, ≤0.05 ng/
mL. Higher HGH: females, >0.15 ng/mL; males, >0.05 ng/mL). For females, mean baseline weight was 69.8 ± 8.8 kg in the lower HGH category and
74.8 ± 19.2 kg in the higher HGH category (p=0.63), while for males the mean baseline weight was 103.6 ± 31.2 kg for lower HGH and 90.8 ±
35.9 kg for higher HGH (p=0.44). In each boxplot, the bold line inside a box is the median, the upper and lower limits of the box are its 25th and 75th

percentiles, and the whiskers above and below are 1.5 times the height of the box.
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Fasting-induced HGH elevation and
weight loss

A recent study of 7-day water-only fasting reported substantial

changes in more than 1,000 plasma proteins where the changes

began only after more than 3 days of fasting (15). Crucially, that

week-long fast caused approximately 10-fold more changes in

plasma proteins that correlated with changes in beta-

hydroxybutyrate but not with weight loss, compared to the

protein changes that did correlate with weight changes and not

with changes in beta-hydroxybutyrate (15). This study expands on

those findings by showing specifically that elevations of HGH

during fasting are independent of weight loss and by

demonstrating in a larger study population that such changes

occurred after just 24 hours of water-only fasting.

In the present study, the short-term (<3 days) elevation of HGH

levels was shown through a water-only fasting regimen that was of a

sufficiently extended duration for meaningful changes in HGH and

other weight loss-independent proteins to occur but that was not so

long that most people would be unwilling to attempt it or that HGH

would be elevated continuously for a substantial length of time.

Herein, thresholds of lower and higher HGH measurements were

based on HGH levels achieved during fasting for people who were

apparently healthy and had no recent history of routine fasting for

extended periods of time. Subjects with lower HGH appeared to

experience superior benefit during the fasting period, and one

question that arises from these findings is whether the metabolic

benefit from repeated episodes of low-dose intermittent fasting over

a period of months or years would yield a greater health benefit

based on long-term improvements in insulin sensitivity.

This differential effect dependent on basal HGH may in part be

based on cardiometabolic risk levels and, therefore, the health needs

of the individual. Baseline HGH concentrations herein correlated

inversely with multiple cardiac risk factors including glucose,

insulin, HOMA-IR, weight, waist circumference, and triglycerides,

and it correlated positively with HDL-C. Pre-fasting HGH also

positively correlated with changes in insulin and HOMA-IR,

suggesting a possible role for HGH as a marker of the

personalized level of benefit that will be received from engaging

in fasting. Basal HGH could potentially be used to guide the

frequency or intensity of fasting that is needed to improve health

for certain people with initially low HGH, although this requires

further prospective testing. HGH is established to directly regulate

insulin levels, and thus should impact HOMA-IR as these data

suggest. Furthermore, change in HGH correlated inversely with

glucose and positively with change in HGB and baseline IGF-1,

showing no connection of HGH change to change in weight but

indicating that additional research is necessary. In contrast, weight

loss during fasting only correlated with baseline weight and waist

circumference, and not with other clinical cardiovascular or

metabolic factors, but despite the focus during the trial of

remaining well-hydrated that appeared to stave off dehydration

and hemoconcentration (11), these findings in this short-term study
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may not reflect the full physiological implications of long-term

weight loss.
Limitations

While this study evaluated data that were prospectively

collected by a randomized controlled trial, the evaluation may be

limited by the post hoc nature of the hypotheses chosen for

examination here since they were not part of the original design

or purpose of the trial. The trial randomization may not have

controlled all factors related to change in HGH, although analyses

herein (see Table 1) suggested that minimal differences existed

between those with lower and higher baseline HGH. It may be that

the broad age range of adults included in the trial may limit the

interpretability of findings since younger and older adults may have

vastly different metabolic responses to study conditions, thus

studies of larger sample size for age-specific groups may provide

more information. Further exploration of the hypotheses is needed.

The pilot nature of the study, given the sample size of 30 subjects,

also suggests a need for further evaluation to validate these findings,

including in populations with different ethnic and racial

characteristics. Another limitation is the lack of collected data on

caloric intake and specific macronutrients consumed during the

study eating day, wherein the calories ingested and the proportions

of carbohydrates, fats, and protein could influence results. The

short-term single fasting period of one 24-hour period also limits

the interpretation of the findings for long-term health outcomes,

but it does provide evidence that substantial health changes occur

during fasting and may have meaningful mechanistic importance

from a human biological perspective.
Conclusions

Changes in HGH during 24-hour water-only fasting were not

correlated with changes in weight, indicating that acute health

benefits realized through HGH elevation during fasting may be

achieved independently of weight change and potentially even if no

weight is lost. Change in HGH during fasting may reflect present

cardiometabolic health, with people having greater chronic disease

risks experiencing larger relative increases in HGH during fasting.

Long-term studies of repeated episodes of fasting are required to

validate these findings. The study also established sex-specific

thresholds of baseline HGH in the clinical normal range for use

in future studies to examine whether some individuals receive

greater benefit from fasting based on their health status or

physiological needs. Whether repeated fasting increases basal

HGH is unknown. Future research should examine whether

people with lower basal HGH receive greater benefits such as

reductions in insulin and HOMA-IR compared to people with

higher basal HGH and if long-term use of intermittent fasting can

increase basal HGH to a level more conducive to long-term

homeostasis as reflected by greater healthspan and lifespan.
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