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Objective: To assess urinary 6-sulfatoxymelatonin ex-
cretion in patients admitted to the hospital because of
congestive heart failure (CHF). Methods: Urinary 6-sul-
fatoxymelatonin was measured by a specific radioim-
munoassay in 33 hospitalized patients with CHF and
in 146 healthy ambulatory volunteers. Individuals with
hepatic or renal failure were excluded from the sample.
Data were analyzed by the Mann–Whitney test and re-
gression analysis. Results: 6-Sulfatoxymelatonin levels
were significantly lower in CHF patients than controls
(median 2.6 vs 6.02 µg, p < 0.0001). This decrease was
observed regardless of �����-adrenergic blocker or benzo-
diazepine medication. A significant decrease in 6-sulfa-
toxymelatonin excretion occurred with age. There were
no significant differences in urinary 6-sulfatoxymelato-
nin levels between chronic and acute CHF patients. Con-
clusions: The results suggest that circulating melatonin
levels are low in patients with CHF. Such a decrease may
precede aggravation of heart failure.
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antagonists.

Introduction

The development of congestive heart failure (CHF), trig-

gered primarily by dysfunction of cardiac muscle, depends

on activation of the neuroendocrine system. Initially, this

activation is homeostatically beneficial to preserve arterial

blood pressure and tissue perfusion. Finally, it becomes dele-

terious for heart function as the disease progresses. A “neu-

rohormonal hypothesis” of heart failure was thus enter-

tained, holding that the rise in circulating neurohormones,

like norepinephrine, epinephrine, neuropeptide Y, angioten-

sin II, aldosterone, or vasopressin, may negatively affect re-

gional tissue perfusion in either a direct or an indirect way (1).

Melatonin, the principal product of the pineal gland, is

metabolized in the liver mainly to 6-sulfatoxymelatonin (2,

3). As this substance is mostly excreted by urine, urinary 6-

sulfatoxymelatonin is considered a good index of melato-

nin production. Melatonin is primarily involved in the reg-

ulation of biological rhythms. In addition, melatonin exerts

a modulatory action over the vascular tone, with several

studies indicating that melatonin affects vascular smooth

muscle contraction (4–10). This effect could be homeo-

statically relevant to counteract the rise in arterial periph-

eral resistance brought about by neuroendocrine activation

in CHF. Because there are no publications evaluating the

status of melatonin secretion in CHF, the aim of the present

study was to assess the urinary 6-sulfatoxymelatonin excre-

tion in a group of patients with CHF as compared to healthy

volunteers.

Results

Demographic data of the population examined are sum-

marized in Table 1. Neither age nor body mass index differed

between groups.

Table 2 summarizes a number of clinical findings in the

sample of CHF patients examined. Urinary 6-sulfatoxymel-

atonin excretion in CHF patients was significantly lower than

those of control group (median 2.6 vs 6.02 µg, p < 0.0001,

Mann–Whitney’s test) (Fig. 1).

Simple regression analysis showed that age, benzodiaz-

epine treatment, or suffering from CHF was significantly

associated with the level of 6-sulfatoxymelatonin excre-

tion. When multiple regression analysis was employed, only

patient’s age and disease status remained as significant pre-

dictors of 6-sulfatoxymelatonin levels (adjusted r2 = 0.179,

F2,176 = 20.41, p < 0.001).

No significant differences in 6-sulfatoxymelatonin excre-

tion were found between patients with acute or chronic

CHF (median 2.76 µg vs 1.66 µg respectively, p = 0.22 Mann–

Whitney’s test).

Discussion

The foregoing results indicate that melatonin produc-

tion, as assessed by urinary 6-sulfatoxymelatonin excretion,
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may diminish in patients admitted to an intensive care coro-

nary unit because of CHF. Such a decrease did not depend

on the administration of �-adrenergic blockers or of benzo-

diazepines, which are known inhibitors of melatonin pro-

duction (11,12). This may depend on the small number of

patients examined. Alternatively, treatment with �-adren-

ergic antagonists or benzodiazepines may not cause any fur-

ther decrease in melatonin concentration in CHF patients

whose melatonin concentrations were already lower than

healthy controls. The finding that 6-sulfatoxymelatonin excre-

tion did not differ between patients with acute or chronic

CHF suggests that the decrease of melatonin levels either

occurs in advance to cardiac failure or develops very rapidly

after it. In studies on validation of measurement of urinary

6-sulfatoxymelatonin as an estimation of melatonin pro-

duction a good correlation between plasma melatonin and

urinary 6-sulfatoxymela-tonin over the same 24 h period

and no relationship between creatinine clearance and 6-

sulfatoxymelatonin excretion were reported (13).

In a previous study we reported that urinary 6-sulfatoxy-

melatonin levels were low in the most critical stages of

coronary disease (14). Although this condition usually ends

in heart failure, only 30% of patients in the present sample

suffered from coronary disease. This may indicate that mel-

atonin production decreases as a result of the heart failure

itself rather than as a consequence of coronary disease.

The mechanisms involved in the reduction of melatonin

production in CHF patients remain to be defined. The hyper-

adrenergic activity seen in CHF could down-regulate pineal

adrenergic receptors. Relevant to this, electroshock in rats

caused a decrease of pineal �1-adrenergic receptors, a reduc-

tion of melatonin synthesis, and a decreased response of

melatonin production to the administration of the �-adren-

ergic agonist isoproterenol (15). Nonetheless, the sympa-

thetic control of the pineal gland appears to occur indepen-

dent from the rest of the body (16) and changes in adren-

ergic receptor sensitivity may take place regionally (17).

In view that plasma neuropeptide Y levels increase in

CHF (18), the possibility that neuropeptide Y release may

increase in sympathetic pineal nerve terminals of CHF

patients deserves to be considered. Neuropeptide Y acts as

a co-transmitter of norepinephrine in postganglionic sym-

pathetic fibers innervating the pineal gland (19,20). It

exerts a modulatory role on pineal norepinephrine release,

and Y-1 presynaptic receptors activation inhibiting and Y-

2 presynaptic receptors stimulating it (21). Either norepi-

nephrine release or norepinephrine postsynaptic activity could

decrease consequently.

In addition, other substances that modulate melatonin

synthesis, like vasoactive intestinal peptide, vasopressin, cal-

citonin-gene related peptide, or prostaglandins also increase

in CHF patients (1,22–28). Lastly, in the final stages of CHF,

an immune activation occurs and some circulating cyto-

kines, notably interleukin 1 and 6 and TNF�, increase con-

Table 1

Demographic Data of the Sample Examined

CHF patients Control Statistical

(n = 33) (n = 146) Significance

Men % (n) 79% (26) 32% (46) p < 0.000001b

Age (median, 58 61.5 N.S.c

p 25–p 75)a (54–71) (53–73)

Body mass 26.5 25.4  N.S.c

index (median, (23.1–28.2) (22.5–28.1)

p 25–p 75)

ap 25: percentile 25; p 75: percentile. 75 N.S.: not significant.
bChi-square test.
cMann–Whitney test.

Table 2

Clinical Features in the 33 CHF Patients Studied

Etiology of CHF

Coronary disease 10 (30%)

 Chagas disease 1 (3%)

Valvular disease 4 (12%)

Idiopathic dilated myocardiopathy 18 (55%)

Pharmacological Treatment

Prior to hospitalization �-adrenergic blockers 3 (9%)

Benzodiazepines 2 (6.3%)

During hospitalization �-adrenergic blockers 5 (15%)

Benzodiazepines 11 (33%)

Other Data

Chronic CHF 23 (72%)

NYHA III class 3 (9%)

NYHA IV class 30 (91%)

Fig. 1. Box plot of urinary 6-sulfatoxymelatonin excretion (µg
in urine collected from 18:00 to 06:00 h) in 146 healthy subjects
and 33 CHF patients. The statistical differences were significant
(p < 0.0001, Mann–Whitney test).
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siderably and may lead to melatonin synthesis inhibition (29,

30). These molecules stimulate hypothalamic CRH synthe-

sis, another possible inhibitor of melatonin synthesis (31,32).

It must be noted that in CHF patients liver function tends

to be impaired levels because of congestion of hepatic veins

and a reduced hepatic arterial blood flow. Although patients

with severe hepatic failure were excluded from the sample,

it cannot be ruled out that the lower levels of urinary 6-

sulfatoxymelatonin were the consequence of the failure of

melatonin metabolizing enzymes. Measurement of serum

melatonin concentrations could allow distinguishing between

these two possibilities.

Another limitation of the present study is the quantita-

tive and qualitative differences in environmental cues for

regulation of melatonin production between hospitalized

patients and healthy ambulatory volunteers. Lighting con-

ditions at the Coronary Unit at night included a very low

intensity background light. Therefore, a major interference

of light on melatonin secretion was not feasible.

In any event, the present results are compatible with the

hypothesis that lower circulating melatonin levels occur in

CHF patients. One point that must be clarified is whether

melatonin in CHF is a cofactor of the pathogenesis or a con-

sequence of the pathology. It also remains to be defined to

what extent the results reported herein are indicative of con-

stitutive alterations in the circadian pacemaker rather than

the consequence of the changes arising as CHF develops.

Materials and Methods

Thirty-three patients (male: 79%; median age: 58 yr; range:

41–88 yr), admitted to the Intensive Care Coronary Unit

because of CHF (as diagnosed by the Framingham criterion)

(33), and 146 healthy ambulatory volunteers (male: 31%;

median age: 62 yr; range: 41–90 yr), were included in the

study. Exclusion criteria were (1) drug or alcohol addiction,

(2) serum creatinine levels � 2 mg/dL, (3) severe hepatic

failure, (4) hematocrit < 30%, (5) psychiatric or neurologic

disease and, (6) pregnancy.

The investigation conforms to the principles outlined in

the Declaration of Helsinki. The procedures were reviewed

and approved by the Hospital’s Ethical Committee. All

patients signed an informed consent.

Urine collection was performed between 1800 h and 0600

h. In all in-patients, urine was collected no more than 48-

h after admission. Lighting conditions at the Coronary Unit

at night included a background light (at floor level) with an

intensity lower than 40 lux.

6-Sulfatoxymelatonin concentration was measured by a

specific radioimmunoassay (34). The intra- and interassay

coefficients of variation were 4% and 7%, respectively.

Correlations were statistically analyzed by a nonparame-

tric Spearman’s rho test. Mann–Whitney or chi-square tests

were employed to analyze differences in means or propor-

tions, respectively. Raw 6-sulfatoxymelatonin data were trans-

formed by the Box–Cox procedure to obtain a normal dis-

tribution. Then, simple regression was employed to ana-

lyze these levels taking patient’s sex, age, treatment, group

(CHF/control), �-adrenergic blocker treatment, or benzo-

diazepine treatment as variables. Finally, a multiple regres-

sion model was built to predict 6-sulfatoxymelatonin levels,

including all the variables that showed statistically signifi-

cant correlation, when tested independently. Principal effects

as well as interaction between variables were tested in the

model.
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