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Abstract: Previous studies have reported an association between circadian disturbances and 

age-related cognitive impairment. The aim was to study the 24-hour profiles of melatonin 

and cortisol in relation to cognitive function in middle-aged male subjects. Fifty healthy 

 middle-aged males born in 1953 were recruited from a population-based cohort based on 

previous  cognitive assessments in young adulthood and late midlife. The sample included 

24 cognitively  high-functioning and 26 cognitively impaired participants. Saliva samples were 

collected every 4 hours over a 24-hour period and analyzed for cortisol and melatonin levels 

by immunoassay. All participants exhibited clear circadian rhythms of salivary melatonin and 

cortisol. Salivary melatonin concentrations had a nocturnal peak at approximately 4 am. The 

median nocturnal melatonin response at 4 am was significantly lower in the cognitively impaired 

group than in the high-functioning group (−4.6 pg/mL, 95% CI: −7.84, −1.36, P=0.006). The 

24-hour mean melatonin concentration (high-functioning group: 4.80±0.70 pg/mL, vs cogni-

tively impaired group: 4.81±0.76 pg/mL; P.0.05) (or the area under the curve, AUC) was not 

significantly different between the two groups. Cortisol levels were low during the night, and 

peaked at approximately 8 am. Median cortisol concentrations were similar at all times, as 

were the 24-hour mean cortisol concentrations and AUC. To the best of our knowledge, ours is 

the first study to assess circadian measures (ie, melatonin and cortisol) in healthy middle-aged 

men with different cognitive trajectories in midlife. We found evidence of altered circadian  

rhythms with a reduced nocturnal melatonin response at 4 am in men with cognitive impairment. 

The 24-hour concentration and AUC of melatonin and cortisol were similar in the cognitively 

high-functioning group and in the cognitively impaired.

Keywords: diurnal variation, middle-aged males, minimal cognitive impairment

Introduction
Aging is associated with disrupted sleep and circadian rhythm, and increased prevalence 

of cognitive impairment. Growing evidence suggests that normal aging is associated 

with a dysfunction of the suprachiasmatic nucleus (SCN) in the hypothalamus, and 

that this is even more pronounced in brain pathologies. The mechanisms underlying 

disrupted circadian rhythm may include age-related or pathological degeneration of 

the retina–SCN–pineal axis and their neuronal connections.1–3

Melatonin is the main hormone synthesized by the pineal gland and is controlled 

by the SCN. Its rhythm in saliva, plasma, or its major metabolite, 6-sulfatoxymelatonin 

(aMT6s), in urine provides the best available index of the timing of the internal 

 circadian clock in humans.4 Melatonin has a typical circadian pattern of low levels 

during the daytime, while the highest levels are released at night.2,4 Cortisol secretion is 

coordinated by the hippocampus and the hypothalamic–pituitary–adrenal (HPA) axis.  
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It has a well-defined diurnal pattern, reaching its peak in the 

morning and declining thereafter, reaching a minimum level 

at approximately midnight.5

With few exceptions,6,7 studies have reported a decline in 

the amount and amplitude of melatonin, or an advance in the 

timing of melatonin rhythm with aging,8–11 and  considerable 

interindividual variability at all ages.10,12 Several neurodegen-

erative conditions, particularly Alzheimer Disease (AD) and 

Parkinson Disease (PD), are characterized by more  irregular 

circadian rhythms and lower melatonin content than in age-

matched controls.13–21 Melatonin levels in cerebrospinal fluid 

(CSF) and in the postmortem human pineal gland are already 

reduced in preclinical AD subjects, who are still cognitively 

intact.17,18 Furthermore, melatonin levels are related to age 

and the severity of cognitive impairment,15,22 and decrease 

with the progression of a dementia disease.18 With respect to 

 cortisol, a significant increase in nocturnal levels and a clearly 

 flattened circadian profile have been observed in the elderly, 

this being even more pronounced in demented subjects.15,16 

Whether these relationships are causal or merely a marker of 

the neurodegenerative process has not been determined.

Recently, it has been reported that salivary melatonin 

rhythm is significantly phase-advanced in individuals with 

mild cognitive impairment (MCI) relative to age-matched 

controls,23 and so is consistent with changes observed in AD. 

Moreover, impairment of the circadian rhythm noted in wrist 

actigraphy studies has been found to be associated with an 

increased risk of developing MCI or dementia in cognitively 

intact subjects.24,25

Even though disturbed circadian rhythm and altered 

hormonal secretion may play a role in the aging process, 

and may serve as an early sign of the development of age-

related brain pathologies, remarkably little is known about 

the associations of cognitive changes over time with circadian 

rhythms in the elderly.

For the first time, a study has sought to examine the lon-

gitudinal association between cognition and circadian rhythm 

and to assess salivary melatonin and cortisol concentrations 

over 24 hours in healthy middle-aged men. We hypothesized 

that participants with early subclinical cognitive decline 

would show more disrupted circadian rhythms and  alterations 

in the diurnal melatonin and cortisol concentrations than 

subjects with preserved cognition.

Methods
Subjects
The present study was based on a subpopulation of 50 middle-

aged Danish males, who participated in the larger Center for 

Healthy Aging Clinical Neuroscience project. For this study, 

we included only those participants who completed saliva 

collection between December 2010 and December 2011. 

All participants were recruited from the Metropolit cohort, 

comprising 11,532 males born in 1953 in the Copenhagen 

Metropolitan area. The whole sample was selected from the 

1985 members of the Metropolit cohort who participated in 

a follow-up study in 2009–2011 as part of the establishment 

of the Copenhagen Aging and Midlife Biobank (CAMB).26 

A more detailed description of the original Metropolit cohort 

has been presented elsewhere.27 Only data relevant to the 

present study are described here.

Draft board intelligence scores had previously been 

 collected for members of the Metropolit Cohort.27,28 The draft 

intelligence test is the Børge Priens Prøve (BPP), which has a 

correlation coefficient of 0.82 with the Wechsler Intelligence 

Scale.29 Three subtests of the Intelligent  Structure Test (I-S-T 

2000R)26 were administered as part of the CAMB midlife data 

collection, and a regression model was developed to predict 

the expected level of midlife  cognitive performance from the 

draft board intelligence scores. Based on the  residuals from 

this regression model, we  identified 249 individuals who 

performed substantially better ( standardized  residuals  

from the regression model ranging from 2.80 to 0.96) 

and 302 individuals who performed substantially worse 

( standardized residuals ranging from −3.20 to −0.99) on the 

midlife cognitive test than expected from their military draft 

board intelligence score. Of the 551 potential participants, 

37 were excluded for various  reasons (including 3 potential 

 participants who died during the study period), and the 

remaining 514 individuals were invited to participate in a 

clinical follow-up study. Among those with  substantially 

better than expected midlife cognitive scores, 41.0% 

(102 individuals) participated, while 34.8% (105 individuals) 

of those with substantially worse than expected cognitive 

scores participated in the clinical study.

In summary, between 2010 and 2012, we invited a total 

of 551 subjects to take part in the multidisciplinary Center for 

Healthy Aging Clinical Neuroscience project. In addition to 

saliva sampling, the participants underwent studies of sleep, 

cognition, MRI, and dental health. Data were collected for 

the whole cohort, although for the purpose of the current 

study, we used only saliva samples collected within the first 

year of the study. Of the 60 subjects whose salivary levels 

were assayed, only those with a complete data set containing 

both melatonin and cortisol were included. We also excluded 

participants from the analysis if two or more saliva samples 

were missing. The final sample of males completing the saliva 
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samples included 26 and 24 subjects classified as cognitively 

impaired and cognitively high-functioning, respectively. 

Exclusion criteria were known neurological or psychiatric 

disorders, major depressive illness (within the past 10 years), 

and alcohol or drug abuse.

All subjects underwent a structured clinical interview 

to ascertain sociodemographic characteristics, and medical 

and family histories, and standard laboratory blood tests. 

A  physical examination included measurements of blood 

 pressure, waist, weight, and height. In order to examine 

the possible effect of depressive symptoms on cortisol and 

 melatonin evaluation, the Beck Depression Inventory (BDI) 

was used to assess depressive symptoms. After  recruitment, 

written and verbal information was given about the 

 procedures. All subjects gave their written informed consent 

to participate. The study design was approved by the ethics 

committee of the Capital Region of Denmark.

Saliva sampling
Melatonin and cortisol secretion in the saliva of each partici-

pant was assessed. Participants collected the saliva samples 

themselves, while at home, on the day after the overnight 

sleep study. Saliva samples were collected on seven occasions, 

every 4 hours for 24 hours (from noon to noon). Participants 

were encouraged to maintain their regular sleep habits, but 

were asked to wake up before each of the night-time sampling 

sessions and to keep the lighting dim (,30 lux) during the 

collection. Subjects were given written and oral instructions 

before saliva collection. They were asked not to drink or eat 

for at least 60 minutes before saliva collection, to refrain 

from smoking for at least 30 minutes and to rinse their 

mouths with water before collecting saliva. Samples were 

sent to the laboratory by mail or were delivered in person. 

Seven subjects missed more than one of the seven scheduled 

 sampling times and were excluded from the analysis. Data 

from 50  participants were included in the present study.

Salivary melatonin and cortisol analysis
Salivary cortisol levels were analyzed by competitive immu-

noassay (Salimetrics Europe Ltd, Newmarket, Suffolk, UK). 

Intra-assay precision (within-run) was taken to be the mean 

coefficient of variation (CV), which had a value of 3.4%; 

interassay precision (run-to-run) was calculated as the mean 

CV, and had a value of 5.1%. Salivary melatonin levels were 

analyzed by the Direct Saliva Melatonin Radio Immunoassay 

(Bühlmann Laboratories AG, Schönenbuch, Switzerland). 

The intra-assay precision (mean CV) was 5.2%, and the 

interassay precision (mean CV) was 10.2%.

Statistics
Median regression – a nonparametric alternative to ordinary 

least squares regression – was used to identify group median 

differences in diurnal melatonin and cortisol concentrations. 

Figures 1 and 2 are based on these models, with error bars 

derived from the median absolute deviations. Group compari-

sons for sociodemographic and clinical data were carried out 

using independent samples t-tests (continuous variables) or 

χ² tests (categorical variables). All analyses were done using 

Stata 13.1 (StataCorp, College Station, TX, USA).

Results
Sociodemographic and clinical 
characteristics
The sociodemographic and clinical characteristics of the two 

groups are presented in Table 1. The only significant differ-

ences between the groups were with respect to educational 

status, whereby members of the cognitively high-functioning 

group tended to have a higher educational level than the 

cognitively impaired individuals (P=0.03).

Melatonin and cortisol
All 50 participants showed clear circadian rhythms of 

salivary melatonin and cortisol. The diurnal melatonin 

concentrations for the two groups are shown in Figure 1. 

Daytime melatonin levels were low and significantly higher 

during the night ( Figure 1). The median nocturnal melatonin 

response at 4 am was significantly lower in the cognitively 

impaired group than in the cognitively high-functioning 

group (−4.6 pg/mL, 95% CI: −7.84, −1.36, P=0.006). At all 

other times, the median difference between the two groups 

was not  statistically significant. The area under the curve 
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Figure 1 Median circadian profile of salivary melatonin in cognitively impaired (dashed  
line) and cognitively high-functioning (solid line) participants.
Note: Values are expressed as median ± median absolute deviation.
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(AUC) and mean 24-hour melatonin concentration were 

similar in the two groups (Table 2).

All participants had a nocturnal melatonin peak at mid-

night, 4 am, or 8 am (Table 3). The distribution of peak 

times appears to be phase-advanced toward earlier times 

for the cognitively impaired group compared with the 

high-functioning group, but this pattern was not statistically 

significant (χ²=2.99, P=0.22).There was considerable inter-

individual variation within both groups in the total amount 

of melatonin secreted and the nocturnal peak values, ranging 

from 3.8 to 119 pg/mL, and 1 to 84 pg/mL, respectively.

The median diurnal cortisol concentrations for the two 

groups are shown in Figure 2. In both groups, the cortisol 

levels were low overnight, and peaked at approximately 

8 am. At all times, the median difference between the 

groups was statistically nonsignificant. The AUC and 

24-hour mean cortisol concentration were similar in the 

two groups (Table 2).

Discussion
The present study found no differences between groups with 

respect to the peak levels or absolute amounts of melatonin 

and cortisol secreted over a 24-hour period. However, we 

observed that the nocturnal melatonin response at 4 am was 

significantly lower in the cognitively impaired group than in 

the cognitively high-functioning males, indicating an altera-

tion in their melatonin secretion rhythm.

We also found clear circadian rhythms of salivary mela-

tonin and cortisol in all participants, although the distribution 

of mean hormone concentrations and nocturnal peak levels 

varied considerably between individuals.

Age-related changes in the circadian time-keeping sys-

tem, including phase advancement in sleep and circadian 

12 pm 4 pm 8 pm 12 am

Time
4 am 8 am 12 pm

0.05

0.1

0.15

M
ed

ia
n

 s
al

iv
ar

y 
co

rt
is

o
l c

o
n

ce
n

tr
at

io
n

(µ
g

/1
00

 m
L

)

0.2

0.25

Figure 2 Median circadian profile of salivary cortisol in cognitively impaired (dashed 
line) and cognitively high-functioning (solid line) participants.
Note: Values are expressed as median ± median absolute deviation.

Table 1 Distribution of sociodemographic and clinical variables in 
50 cognitively high-functioning (group 1) and cognitively impaired 
(group 2) middle-aged men

Group 1  
(N=24)

Group 2  
(N=26)

P-value

age (years) 57.5±0.45 57.3±0.45 ns
Sex (% male) 100 100 ns
ethnicity (% caucasian) 100 100 ns
Years in education 13.96±2.46 12.5±2.12 0.03
BMi (kg/m2) 27.1±4.45 27.06±3.71 ns
Waist circumference (cm) 95.78±25 96.38±26.5 ns
Blood pressure
 Systolic 148±14 137±32 ns 

ns Diastolic 89±8 83±24
alcohol drinking habit
 current (yes/no) 23/1 25/1 ns
Smoking habit, n (%)
 current 9 (41) 11 (42) ns 

ns 
ns

 Former 8 (29) 6 (23)
 Never 7 (30) 9 (35)
BDi-ii 2.48±3.24 3.32±4.31 ns
eSS 6.40±3.42 4.20±2.61 ns
Physical and psychiatric morbidity, n (%)
 hypercholesterolemia 8 (2) 3 (4) ns 

ns 
ns 
 
ns 
ns 
ns 
ns 
ns 
 
 
ns 
ns

 hypertension 21 (5) 19 (5)
  Other current or former 0 (0) 15 (4)
 cardiovascular disease
 Type 2 diabetes 0.5 (1) 0 (0)
 asthma/cOPD 1 (1) 2 (3)
 arthritis 12 (3) 27 (7)
 allergic illness 4 (4) 1 (1)
  any current or former  

migraine or other  
neurological disease

18 (17) 11 (10)

 any former malignity 0 0.5 (1)
  any former depressive episode 2 (8) 12 (3)

Notes: Data are mean ± standard error of the mean, or number and percentage. 
P-values are those from independent-samples t-tests (continuous variables) or χ² 
tests (categorical variables). P-values $0.05 were considered not significant.
Abbreviations: ns, not significant; BMI, body mass index; BDI-II, Beck Depression 
inventory; eSS, epworth Sleepiness Scale.

rhythm and decreased amplitude of melatonin secretion have 

often been described.8,9,11,30,31

Although a decline in melatonin production is considered 

a hallmark of aging, beginning between 20 and 30 years of 

age,32 early in midlife,8 or even later,33 there is considerable 

interindividual variation in excretion rates at all ages10,12 as 

well as differences between the sexes.7 Our results confirmed 

the common finding that melatonin levels vary greatly 

between individuals, which has been ascribed mainly to 

genetic influences on the levels of melatonin secretion.12

Disrupted circadian rhythm and reduced melatonin secre-

tion, which exceed those observed during normal aging, have 

been extensively reported in neurodegenerative disorders, 

and especially in AD.1,14–20,22,31,34 The melatonin rhythm is 
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practically abolished in many individuals afflicted with 

dementia disorders.

A deterioration of the circadian time-keeping system can 

arise from various causes, including degeneration of the SCN, 

changes in the pineal gland and its neuronal transmissions/

projections, reduced expression and density of melatonin 

receptors, and changes in the light input pathways toward 

the SCN.17,31

Moreover, changes in behavior affecting light exposure 

and social zeitgebers are common in the elderly, especially 

in demented individuals.21,31

Dysfunction of the circadian system has been linked to 

compromised control of metabolism, reactive oxygen species 

homeostasis, antioxidant defense, DNA repair, and autophagy. 

This, in turn, may contribute to brain aging and neurodegenera-

tion, thus increasing the likelihood of developing age-associated 

brain pathologies.3,35 In this study, we found a significantly 

impaired melatonin response at 4 am and a tendency toward 

phase advancement in the cognitively impaired subjects relative 

to the high-functioning subjects. The finding of normal levels 

of melatonin is consistent with those of other studies, show-

ing that melatonin deficiency is correlated with the severity 

of cognitive impairment and is aggravated by the advance of 

Alzheimer,15,16,18 Parkinson,14,36 and Huntington19 diseases.

Recently, it has been reported that salivary melatonin 

secretion onset is significantly phase-advanced in individuals 

with MCI, and even related to poorer memory performance 

than age-matched controls.23 Thus, our results are in line 

with previous research suggesting that patients with MCI 

may have normal melatonin synthesis, but alterations in the 

timing of its release.23

Our findings support the idea of a link between those 

neuronal processes that affect cognitive aging, and those 

leading to alterations in melatonin secretion. Although the 

group difference was significant, it was relatively small and 

should be interpreted with caution. Our data do not allow us 

to establish causality, and the underlying mechanism linking 

alterations in the timing of melatonin secretion with cognitive 

aging is yet to be clearly determined.

To the best of our knowledge, no other studies have 

examined the association between slight changes in cognition 

and circadian rhythms of melatonin and cortisol in healthy 

middle-aged males. Our study has some strengths. First, it 

involves a subpopulation of middle-aged males drawn from 

a well-established, population-based birth cohort that has 

been extensively screened for neurological and psychiatric 

comorbidities. Second, it uses saliva sampling, which is a 

practical, reliable, and noninvasive method for measuring 

circadian rhythmicity.

However, our results should be interpreted in the context 

of the study’s limitations. First, we examined a relatively 

small sample of individuals. Second, the results may be 

generalized to middle-aged and elderly males who are 

in good physical and mental health, but not to other age 

groups, women, cognitively impaired clinical samples, or 

more ethnically diverse populations. Third, more frequent 

sampling is required to assess the melatonin and cortisol 

rhythm  comprehensively. Finally, the study did not examine 

other circadian rhythm parameters, such as achrophase, onset 

and offset time, duration of hormone secretion, and daytime 

levels. Further research, with longitudinal designs and larger 

populations, is needed to confirm the results observed in the 

present study and to identify the underlying mechanisms.

In conclusion, our results suggest that melatonin altered 

circadian rhythms with a reduced nocturnal melatonin response 

rather than the absolute amount of diurnal melatonin and 

Table 3 Distribution of melatonin nocturnal peak times in 
cognitively impaired and cognitively high-functioning participants

Group Melatonin nocturnal peak time Total  
subjects (N)12 am 4 am 8 am

cognitively  
impaired (n)

11 11 4 26

cognitively  
high-functioning (n)

6 16 2 24

Note: The distribution of peak times appears to be phase-advanced toward earlier 
times for the cognitively impaired group relative to the cognitively high-functioning 
group, but this pattern was not statistically significant (χ²=2.99, P=0.22).

Table 2 The circadian parameters of salivary melatonin and cor-
tisol in 24 cognitively high-functioning (group 1) and 26 cognitively 
impaired (group 2) middle-aged men

Group 1  
(N=24), 
estimate ± SE

Group 2  
(N=26),  
estimate ± SE

P-value*

Median peak melatonin  
level (pg/ml) at 4 am

10.50±1.19 5.90±1.14 0.006

Mean 24-hour mean  
melatonin level (pg/ml)

4.80±0.70 4.81±0.76 ns

Mean aUc melatonin  
(h × μg/ml)

126.7±6.6 127.5±7.7 ns

Median peak level cortisol  
(μg/100 ml) at 8 am

0.16±0.03 0.12±0.02 ns

Mean 24-hour mean  
cortisol level (μg/100 ml)

0.11±0.01 0.12±0.01 ns

Mean aUc cortisol  
(h × μg/100 ml)

2.70±0.07 2.73±0.08 ns

Notes: *Differences between groups were assessed by median regression (median) 
or independent-samples t-tests (24-hour mean and aUc). P-values $0.05 were 
considered not significant.
Abbreviations: ns, not significant; AUC, area under the curve.
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cortisol that could serve as a marker of subtle cognitive changes.  

Age-specific data about salivary melatonin and cortisol levels 

in middle-aged males were obtained that establish an impor-

tant baseline for further studies into the link between circa-

dian rhythms, sleep, and cognition in the aging process.
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