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Background and Significance 

In the developed world changes to lifestyle and work practices have diminished the amount of nightly 
sleep many people obtain and altered the times workers are required to be awake.1,2 Both phenomena act 
to desynchronize an individual’s metabolic and physical demands against the internal physiological 
circadian rhythms controlled by external circadian cues and the central and peripheral circadian 
pacemakers.3,4 Evidence that this is detrimental comes from epidemiological studies demonstrating short 
sleep duration, fragmented sleep, and shift work are all associated with increased incidence of diabetes, 
cardiovascular disease and overall mortality, probably via as yet undetermined derangements in 
circadian regulated physiology.5-9  Many of the kidney’s physiological functions follow diurnal 

periodicity with 13% of the protein coding genes expressed in the kidney following a circadian 
pattern.4,10-16 Coordination of the periodicity of these processes in the kidney allows anticipation of the 
metabolic and physiological workload expected of the kidney throughout a 24-hour cycle.  

Sleep measurements and renal function: Preliminary evidence suggests that disruption of the sleep-wake 
cycle promotes the development of four major chronic kidney disease (CKD) risk factors: hypertension, 
diabetes, obesity and increased renin–angiotensin–aldosterone system activation (RAAS), thereby 
leading to a more rapid decline in glomerular filtration rate (GFR) and increased proteinuria (Figure 1). 
Individuals who report sleep duration 5 hours or less per night are 20% more likely to develop 
hypertension than those sleeping 7 hours per night.17 Similarly, in detailed polysomnography (PSG) 
studies, elderly men with reduced duration of “restorative” or “deep” slow wave sleep (SWS or stage N3 
sleep) had an increased risk of incident hypertension18. In a study of 6,834 adults, those who slept 6 or 
fewer hours per night were 1.7 times more likely to develop proteinuria than individuals who slept for 7 
hours per night19 and in a small cross-sectional study of industrial employees, rotating shift workers had a 
higher prevalence of proteinuria relative to daytime only workers20. We have preliminary data showing 
that short self reported sleep duration is associated with a more rapid decline in renal function 
independent of blood pressure and other factors (see, Preliminary Studies).  

Sleep disruption and mechanisms for CKD: Decreased sleep duration, de-synchronization of sleep time, 
or fragmentation of sleep may cause renal damage through increased blood pressure (BP) and activation 
of RAAS,10,11,21-23 impaired glucose homeostasis,6,24 and endothelial dysfunction,25,26 all established risk 
factors for development of CKD.27 Several studies have now demonstrated that acute (1-3 weeks) sleep 
deprivation increases insulin resistance, decreases pancreatic β islet cell function, and chronic sleep 

deprivation is a risk factor for development of diabetes.6,24,28 Similarly, short self-reported sleep duration 
and reduced measured SWS are associated with an increased risk of hypertension.17,18 Meanwhile, 
extension of sleep duration by 1 hour per night for 6 weeks has been found in small studies to decreased 
fasting insulin levels and brachial BP, suggesting sleep duration is a modifiable risk factor for CKD.29,30 
However it was not clear if decreased fasting insulin levels were due to pancreatic β islet function or 
improved insulin sensitivity. 

Changes in sleep patterns are expected to change the 24 hour periodicity of the RAAS.10,11,22,29,31 Of 
particular interest is the effect on 24-hour aldosterone secretion. Beyond the physiological control of 
sodium retention, aldosterone has detrimental effects on kidney function, stimulating expression of PAI-1 



NKF Pilot Grant 2015 Ciaran McMullan, MD, MMSc Detailed Protocol: 02.06.18 

Page | 3  
 

and TGF-β, which promote renal fibrosis, endothelial dysfunction, and altered response of vascular 

smooth muscle cells to catecholamines.32-36  However, data on the effects of circadian disruption on 
aldosterone are conflicting. In a small short-term study involving subjects on continuous enteral feeding, 
one night of sleep deprivation decreased serum aldosterone over 24 hours.22 In contrast, a long-term study 
found that subjects on a fixed sodium diet for up to 205 days had increased (as opposed to decreased) 24-
hour urinary aldosterone excretion on days of shift work with associated increase sodium retention and 
blood pressure.31 These discrepant results may have been due to difference in potassium intake, which 
was higher during days of shift work in the long-term study, and could have affected aldosterone 
production.5,31   

Preliminary Work: Disruption of the diurnal regulation of several physiological processes, including, BP, 
activity of the RAAS, and glycemic control, may lead to increased risk for CKD.  For the past 3 years I 
have investigated the association of circadian rhythms with cardiometabolic risk factors and disease in a 
series of epidemiological analysis (described below). I have also gained extensive experience in the 
performance of inpatient physiological studies in the context of randomized control trials which have 
involved measurement of renal specific RAAS activity using para-aminohippurate (PAH), blood pressure 
measured with 24-hour ambulatory monitoring, pulse wave analysis, and glucose regulation with 
glycemic clamps. During my fellowship I have demonstrated competence in the statistical and clinical 
study methods required for successful completion of the proposed study. 

While others have shown that exposure to light at night during shift work depresses nocturnal melatonin 
secretion (the chief hormonal output from the central circadian pacemaker),37,38 we have found that 
individuals with decreased nocturnal melatonin secretion at baseline have a significantly increased risk of 
later developing type 2 diabetes39,40 and cardiovascular disease (unpublished work), both important risk 
factors for the development of CKD (Table 1). 

 

 

 

 

Less nocturnal BP dipping is related to poor sleep efficiency41 and short sleep duration.42 We therefore 
analyzed the association of decreased nocturnal dipping with incident CKD among individuals recruited 
from the Jackson Heart Study and found that decreased dipping was associated with an increased risk of 
incident CKD (Table 2)43. 

 

 

 

 

Table 1: Odds Ratio for incident type 2 diabetes and myocardial infarction according to nocturnal 
melatonin secretion 

  

Odds Ratio (per decrease in log [urine melatonin/creatinine]) 
 Type 2 diabetes Myocardial infarction 

Crude 1.36 (1.14-1.61) 1.51 (1.16-1.96) 
Adjusted 1.48 (1.11-1.98) 1.69 (1.14-2.51) 

Table 2: Odds Ratio of incident CKD according to nocturnal dipping 

 Nocturnal dipping (per 10% of awake SBP) 

Unadjusted (N = 603) 0.58 (0.42 – 0.79) 

Adjusted (N = 408) 0.55 (0.32 – 0.96) 
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These results, in addition to work by others (see, Background and Significance) suggest that changes in an 
individual’s sleep-wake cycle lead to disruption of normal diurnal regulation of physiological processes, 
potentially promoting the development of CKD. Thus, we analyzed the association of short self-reported 
sleep duration with longitudinal changes in eGFR among women enrolled in the Nurses’ Health Study 

and demonstrated that individuals who had lower sleep duration had faster declines in eGFR and higher 
odds of albuminuria (unpublished results, Tables 3&4), further supporting the hypothesis that circadian 
disruption is detrimental to renal function. 

 

 

 

 

 

 

 

Together, these studies suggest that sleep disruption and reduced nocturnal melatonin secretion are risk 
factors for incident CKD. While animal studies have demonstrated the reno-protective effect of sleep 
regulation and supplemental melatonin in preventing renal fibrosis, this has not been studied in humans. 
However, two small studies have demonstrated that increasing sleep duration among individuals with 
reduced sleep duration has beneficial effects on some CKD risk factors. In a study of 16 healthy 
individuals with habitual sleep < 7hours per night, for example, participants were asked to extend their 
sleep by one hour per night for 6 weeks.30 Achieved sleep duration increased by 49 minutes/night and 
participants had decreased insulin levels and increased insulin sensitivity indicating a beneficial metabolic 
effect from sleep extension. Similarly, a small open label study of 36 individuals with diabetes with 
insomnia, found that controlled release melatonin improved sleep efficiency (time spent in bed asleep), 
sleep latency (time taken to fall asleep) and reduced HBA1c from 9.1 to 8.5% over 5 months.44 

This preliminary evidence suggests the importance of both duration and neurophysiological 
characteristics of sleep and sleep timing on renal function similar to what has been found for a range of 
metabolic functions. It also motivates us to perform carefully controlled experiments to investigate the 
mechanisms by which sleep-wake cycle disruption may lead to a more rapid decline in renal function and 
if correction of commonly occurring sleep disorders, such as chronic sleep restriction, is beneficial in 
ameliorating CKD risk factors. 

 
 

 

Table 3: Odds ratio for eGFR decrease of ≥25% over 10 years by self-reported sleep duration 

Sleep duration Unadjusted Adjusted 

≤5 hours 1.64 (1.14-2.37) 1.54 (1.05-2.27) 
6 hours 1.23 (1.03-1.46) 1.17 (0.97-1.41) 

7-8 hours (ref) 1.0 (ref) 1.0 (ref) 
9 hours 0.89 (0.59-1.34) 0.73 (0.47-1.14) 

≥10 hours 1.38 (0.45-4.25) 1.00 (0.31-3.19) 

Table 4: Odds ratio of albuminuria (UACR>30mg/g) by self-reported sleep duration 

Sleep duration Unadjusted Adjusted 

≤5 hours 2.31 (1.42-3.79) 2.12 (1.26-3.55) 
6 hours 1.36 (1.02-1.81) 1.30 (0.96-1.76) 

7-8 hours (ref) 1.0 (ref) 1.0 (ref) 
9 hours 1.00 (0.51-1.93) 0.86 (0.42-1.76) 

≥10 hours 2.15 (0.48-9.59) 1.33 (0.26-6.74) 
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Specific Aims  

 In health, many of the kidney’s physiological functions follow diurnal periodicity synchronized to the 
sleep-wake cycle.4,10-15 This periodicity affects transcription of solute transporters,4 excretion of sodium 
and calcium,12,13 blood pressure, renal blood flow, and glomerular filtration rate (GFR), which are all 
increased during the day.15 In contrast, the activity of the renin-angiotensin-aldosterone system (RAAS) is 
increased during the night. 10,11 Coordination of the periodicity of these processes in the kidney allows 
anticipation of the metabolic and physiological workload expected of the kidney throughout a 24-hour 
cycle. 
 

Preliminary evidence suggests that disruption of the sleep-wake cycle is a potential risk factor for the 
development of chronic kidney disease (CKD). Animals with genetic disruption of circadian rhythms 
develop renal fibrosis, preventable by strictly controlling light-dark periodicity to restore circadian 
rhythm.45 Human studies also suggest that disruption of the sleep wake cycle, whether by sleep 
restriction, or circadian de-synchronization (from shift work), may produce renal damage. In a study of 
6,834 adults, those who slept 6 or fewer hours per night were 1.7 times more likely to develop proteinuria 
than individuals who slept for 7 hours per night.19  In a small cross-sectional study of industrial 
employees, rotating shift workers had a higher prevalence of proteinuria relative to daytime only 
workers.20 We have preliminary evidence that decreased sleep duration is associated with a more rapid 
decline in renal function. Decreased sleep duration, de-synchronization of sleep time, or fragmentation of 
sleep may cause renal damage through increased RAAS activation, increased nocturnal blood 
pressure,10,11,21-23 impaired glucose homeostasis,6,24 increased sympathetic outflow,46,47 systemic 
inflammation,48,49 and endothelial dysfunction25,26 all established risk factors for development of CKD.27 
 

Melatonin, a hormone secreted by the pineal gland mainly during the night, may be a critical mediator 
between circadian disruption and renal injury. Specifically, perturbations of the sleep-wake cycle lead to 
reduced nocturnal melatonin secretion,50-54 which in animals studies is reversibly linked to renal fibrosis27 
and in humans with important risk factors for kidney disease including increased risk for incident 
hypertension,55 type 2 diabetes,39 and cardiovascular disease.27,56 Supplemental melatonin prevents kidney 
injury in animal models of acute and chronic kidney disease.57-59 Systemically, melatonin reduces 
sympathetic outflow to the cardiovascular system while regulating aldosterone production.60-63  
 

We hypothesize that disruption of the sleep-wake cycle by sleep restriction increases risk for CKD, 
potentially via an increase in aldosterone secretion and reduction of nocturnal melatonin secretion with its 
pleiotropic effects on blood pressure, glucose metabolism, and endothelial function. We also hypothesize 
that correction of circadian disruption in high-risk, habitually sleep-restricted individuals by sleep 
extension or by melatonin supplementation using a controlled-release formulation administered at 
bedtime can reduce overall risk for CKD. These hypotheses give rise to the following specific aim: 

 
1. Sleep extension and melatonin supplementation and CKD risk factors   

In a 6 week pilot study, 20 individuals with habitual sleep restriction will all be asked to extend their 
nightly sleep by 1 hour, and will then be randomized 1:1 to nightly controlled-release oral melatonin 
(2mg) or placebo. We will assess whether sleep extension and nightly melatonin supplementation in 
the community is a feasible intervention with a beneficial effect on the following CKD risk factors: 
systemic and renal specific RAAS activation (systemic plasma renin activity, plasma angiotensin II 
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levels, 24-hour urine aldosterone excretion, and renal plasma flow response to captopril); nocturnal 
blood pressure measured by 24-hour ambulatory blood pressure monitor; central blood pressure 
measured by pulse wave analysis; and glucose metabolism measured by Minimal Model assessment 
of insulin resistance and β-cell response to a mixed meal protocol.  

 
Subject Selection 
An obese, pre-diabetic, pre-hypertensive population with habitual sleep restriction is ideally suited for a 
study of the effects of sleep extension and melatonin on CKD risk factors. We have shown that obesity 
and insulin resistance are associated with reduced endogenous melatonin secretion. 39,64  Obesity pre-
disposes individuals to aldosterone mediated inflammation and endothelial dysfunction. Thus, measures 
that reduce aldosterone secretion in these individuals may be particularly beneficial.10,23,65  

We will recruit individuals from the Boston area who meet the inclusion and exclusion criteria listed in 
Table 5. Recruitment will take place through several venues.  First, we will recruit from those who have 
already completed our MODERATE randomized trial (N>200 who have completed so far).  The vast 
majority these individuals still reside in Boston.  MODERATE participants have provided consent to be 
re-contacted for future studies.  We will use the MODERATE database to identify individuals who may 
be eligible for our study, and contact them directly to invite them to participate.   
 
Second, we will simultaneously attempt to enroll study participants who fulfill the age and BMI 
requirements using routine media outlets in the local community and also online advertising.  These 
include:  (1) billboards placed in Boston mass-transit buses and subways; (2) advertisements in local print 
media, such as the Boston Metro and the Boston Globe; (3) online advertisement with websites such as 
Craig’s List and Oodle (these sites have been productive sources for recruitment in the past).   

Third, we will use recruitment opportunities provided through Partners, such as Partners RSVP, and 
ClinicalTrials@Partners.   

We will include both men and women and all races and ethnicities. The only exception will be women 
who are pregnant because certain medications used during the inpatient evaluations (e.g., nitroglycerine), 
and certain study medications (i.e., captopril) are contraindicated during pregnancy. 

Table 5. Eligibility Criteria 
Inclusion Criteria 

• BMI ≥ 30 kg/m2                                                                                       
• Age ≥18 years 
• HbA1c 5.7-6.4%                                                   
• Self reported sleep <7 hours per night 

Exclusion Criteria 
• Current or prior history of diabetes mellitus                        
• Use of hypoglycemic meds or random serum glucose ≥ 

200 mg/dL               
• Estimated GFR <60 mL/min/1.73m2 
• Inability to extend sleep by 1 hour per night                                                    
• Pregnant or breast-feeding 
• Preexisting lung disease requiring oxygen                                       
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Subject Enrollment 
 
Responders to advertisements will be pre-screened by telephone to obtain a BMI estimate and a medical 
history to gauge potential eligibility (Table 5). For those who may be eligible following this phone query, 
the basic study schema (Figure 1) will be described to identify those who remain interested in 
participation after learning the duration, inpatient requirements, and potential medication use.  These 
individuals will then be invited to attend an outpatient screening visit. 
 
We anticipate that the sex and race/ethnicity breakdown of subjects enrolled into EMC-PILOT will be 
similar to that which we have experienced in the MODERATE trial. Thus far in the MODERATE trial, 
enrolled subjects are 63% female, 28% black, 7% more than one race, and 13% Hispanic.  
 
The pilot study is a double-blind, placebo-controlled randomized trial, in which 16 subjects with obesity 
(BMI≥30 kg/m2), pre-diabetes (HbA1C, 5.7-6.4%), and self-reported short sleep duration (<7 hours/night) 
are randomly assigned 1:1 to receive either placebo or 2 mg of controlled-release melatonin, taken orally 
every evening 1 hour before bed for 6 weeks. All subjects will be asked to extend their sleep time by 
one hour during the 6 week period between inpatient visits. Endpoints will be measured at both the 
baseline and 6-week inpatient visits. 

• Preexisting CVD 
• Active or uncontrolled psychotic disorder           
• Active or uncontrolled bipolar illness 
• Active malignancy within the prior 5 years                      
• Use of  antihypertensive meds 
• Hepatic impairment                                                      
• Job requires rotating night shifts 
• Bariatric surgery within the prior 12 months                              
• Use of hypnotic meds 
• Hematocrit <36%(women) or <41% (men)                               
• Use of natural sleep aids 
• Known allergy/intolerance of ACE inhibitors                                 
• History of stroke 
• Recent (within 2 weeks of study) or upcoming travel 

across time zones                                                                                                       
• Known obstructive sleep apnea or use of continuous 

positive airway pressure 
• Insomnia 
• Known allergy to melatonin 
• Hypertension Type 1 or 2 (BP >150/90) 
• Lactose Intolerance 
• Autoimmune Disease 
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Figure 1: Schema for pilot study with sleep extension and nightly melatonin as treatments. 

 
 

Screening Visit: Screening visits will take place at the Brigham and Women’s Outpatient Center for 

Clinical Investigation (CCI; 221 Longwood Avenue).  During the outpatient screen, Dr. McMullan  
will explain the study in detail, review the consent form, and answer questions. After obtaining 
written informed consent for participation, a history and physical examination will be performed in order  
initially judge eligibility based upon the criteria set out in Table 5. Those individuals deemed potentially  
eligible based upon the screening history and exam will undergo phlebotomy and analysis for HbA1c, 
serum chemistries and glucose, and CBC to confirm eligibility using the criteria presented in the table.  
 

Study Procedures 

Pre-admission: All participants will wear a wrist activity monitor for a total of 8 weeks; 2 weeks prior to 
the baseline inpatient visit and for the 6 weeks between inpatient visits, Figure 2. They will complete a 
daily sleep log during the 2 weeks preceding the baseline visit and 6 weeks preceding second visit. Three 
days before admission, participants will be placed on a high salt diet by supplementing their usual diet 
with 150 mmol sodium/day for 3 days using dry bouillon added to food. All participants will also be 
asked to do a 24 hour diet recall for the day before admission. 
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Treatment assignments: Prior to admission for the baseline visit, subjects will be randomized (1:1) to 
receive study medication (melatonin 2mg of controlled release formulation or placebo). All subjects will 
be asked to extend their sleep time by one hour during the 6 week period between inpatient visits. 

 

Baseline and Follow-up inpatient visit: Baseline and 6-week inpatient visits will be virtually identical. 
Each inpatient visit will begin at 4:00PM on Day 0 and end at 4:00PM on Day 1, Figure 2.  
 
Figure 2: Schema for inpatient visit studies at 6-week visit. 

 
 
 

Day 0 — We will complete two 12-hour urine collections for each subject. All subjects will begin the first 
12-hour urine collection at their home at 7:00AM on day 0 of admission to the Brigham and Women’s 

Hospital Center for Clinical Investigation (CCI). The first 12-hour urine collection will be ended at 
7:00PM that evening. The second 12-hour collection will begin and continued overnight until 7:00AM on 
day 1.  The nurses will keep the daytime (7AM to 7PM) and nighttime (7PM to 7AM) urine separate to 
permit analysis of diurnal variation in urinary analytes. Subjects will fast after 9 pm to ensure a 12-hour 
fast by the next morning. 
Day 1 — The second 12-hour urine collection will conclude at 7:00AM on day 1 and will be used to 
measure excretion of sodium and aldosterone. At 8:00AM, central blood pressure and vascular 
compliance will be assessed, followed at approximately 9:00AM by measurement of renal specific RAAS 
activity via para-aminohippurate (PAH) renal plasma flow testing with captopril, and systemic RAAS 
will be measured by plasma renin activity (PRA), angiotensin II (Ang II) and urine aldosterone. Next the 
subject will receive a mixed meal (10kcal/kg, 45% carbohydrate, 15% protein, 40% fat, 1g/kg glucose) to 
be consumed in 15 minutes with blood draws at 0, 10, 20, 30, 60, 90 and 120 minutes from the time the 
meal had begun to be consumed. The mixed meal will achieve glucose of 1g/kg by using specific amounts 
of a Trutol drink; the amounts are based on the subject’s weight, Table 6. Plasma glucose, insulin and c-
peptide will be measured in all 7 samples of blood. Finally the participant will be fitted with a Spacelabs 
90207 ambulatory BP monitor prior to discharge to be worn for 24-hours. 
 

Wrist actigraphy day -42 to 0 
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Table 6. Sample Mixed Meal based on 180 lb participant 

Food Description Amount Measure Energy Glucose (g) Protein (%) Fat 
(%) 

Carbohydrate (%) 

Whole milk, Hood  70 gram 44.49 
 

21.05 47.37 31.58 

Egg, whole  117 gram 174.33 
 

34.45 62.18 3.37 

Butter  7 gram 50.19 
 

0.46 99.5 0.03 

SF peanuts, dry roasted  30     gram 175.5 
 

15.09 71.2 13.71 

Turkey sausage 30 gram 46.68 
 

42.56 53.85 3.59 

Trutol, glucose drink 323 gram 327.52 81.72 0 0 100 

Total 
  

818.71 81.72 14.18 40.78 45.04 

 
Follow-up — During the study, subjects will be phoned weekly by a study coordinator to assess for 
compliance and potential side effects. Dr McMullan will call all subjects every 2 weeks to discuss 
difficulties encountered with their new sleep schedule, to recommend improvements and encourage 
compliance with the protocol. 
 

Parameters Measured:  At the inpatient visits, the following measurements will be made: 
Renal Specific RAAS — The activity of the local kidney RAAS can be measured by examining the change 
in effective renal plasma flow (RPF) after oral captopril while in high sodium balance. Effective RPF is 
measured as clearance of para-aminohippuric acid, because PAH is cleared solely and nearly entirely by 
the kidney. The protocol to measure PAH clearance is performed with the participant supine, Figure 5.

 
Systemic RAAS — PRA and ang II levels will be measured on the first morning blood draw.  
Central Blood Pressure — Will be measured using pulse wave analysis using the SphygmoCor system 
(AtCor Medical, West Ryde, NSW, Australia), which measures central blood pressure and arterial 
stiffness. 
Glucose metabolism — Will be evaluated by applying the Oral Minimal Model method to the results of a 
2 hour 7- measurement, mixed meal tolerance test.2 Subject will be given breakfast in the form of a mixed 
meal (10kcal/kg, 45% carbohydrate, 15% protein, 40% fat, 1g/kg glucose) which must be consumed 
within 15 minutes with glucose, insulin and c-peptide measured from arterialized blood drawn at 0, 10, 
20, 30, 60, 90 and 120 minutes from start of meal. Glucose will be measured using a YSI glucose 
analyzer (CV <2%) for rapid measurement (YSI, Inc, Yellow Springs, OH), insulin will be measured with 
a radioimmunoassay (CV=10%) and c-peptide will be measured using an electrochemiluminescence 

Effe
rent 

Efferent arteriole 
Normal  (RAS down regulation) HIGH SALT ACE-I (RAS blockade) 

Renal Plasma Flow ↔ 

Efferent arteriole Efferent arteriole 
Abnormal  (RAS up regulation) HIGH SALT ACE-I (RAS blockade) 

Renal Plasma Flow ↑ 
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immunoassay(CV=12%). From the glucose, insulin and c-peptide measurements calculation of insulin 
sensitivity (reciprocal of insulin resistance) and β-cell responsitivity will be calculated.   
 
 
Drugs to be used: 
Captopril - The 25mg oral dose of captopril used during the renal specific RAAS measurement.   
Severe hypotensive reactions to a single dose of captopril are very uncommon in our experience among 
those we’ve studied who were free from pre-existing HTN, particularly in high sodium balance; 
nevertheless, participants will undergo constant monitoring during the RPF study, and the study will be 
stopped if the BP following captopril falls below 90 mmHg systolic or 50 mmHg diastolic, at which point 
the participant will receive medical treatment from the attending physician.  Captopril may also be 
associated with angioedema, but typically occurs after repeated doses and even so the risk is <1%.  

Controlled release melatonin (Circadin®) - The 2 mg controlled-release formulation of melatonin has been 
studied previously in diabetic subjects and improves sleep duration44. Pharmacokinetic data suggests that 
this dose of melatonin achieves nocturnal serum melatonin levels at or above physiological concentrations 
among healthy volunteers and is therefore adequate to replete nocturnal melatonin in individuals who 
have relatively low endogenous secretion 67. The tolerability of controlled-release melatonin has been 
widely studied68-71. In the largest series, 791 subjects were evaluated for 3 weeks in a randomized 
placebo-controlled trial; adverse event rates were 0.8% with melatonin and 0.6% with placebo. After 3 
weeks, 711 subjects were re-randomized for an additional 26 weeks; during this prolonged period, the 
incidence of adverse events was 0.6% and 0.7% in melatonin and placebo arms, respectively69. In a 
separate, smaller open label study of controlled-release melatonin, the most common adverse events 
attributed to melatonin were dizziness and headache70. Controlled-release melatonin was found to have no 
effect on psychomotor function or memory in adults relative to placebo71. 
 
Devices to be used: 
Central Aortic Blood Pressure Measurement –Studies of central aortic blood pressure will be performed 
while the subject is supine and fasting, prior to blood draw. The SphygmoCor XCEL PWA device is a 
portable machine that will be used to measure central aortic blood pressure. A thin pillow is placed under 
the arm to align the arm with the heart. A blood pressure cuff is placed on the patient’s arm, over the 

brachial artery. The SphygmoCor XCEL system takes the subject’s brachial systolic and diastolic 

pressure, and then captures the subject’s brachial waveform. The brachial waveform is then analyzed by 
the SphygmoCor Brachial GTF to provide a Central aortic waveform and Central blood pressure 
measurements. The entire procedure will take approximately 10 minutes to perform. Coded data is 
automatically stored via the SphygmoCor EXCEL System and will be downloaded onto a secure research 
computer for storage and analysis. 

Ambulatory blood pressure monitor – The device, the SPACELABS Inc. 90207, consists of a 4.5” x 3.4“ 

x 1.1” box weighing 12 oz. that is usually worn on the belt or pant/skirt-line, and a chord that connects the 
box underneath the clothing to the cuff which is worn on the upper arm.  Multiple cuffs of various sizes 
(small 17-26 cm, standard 24-32 cm, large 32-42 cm, and extra large 38-50 cm) will be available and the 
appropriate cuff for each participant will be utilized.  Once affixed, the device is switched on and the 
study coordinator will manually initiate two or three readings so that the participant may become 
accustomed to how the monitor works/feels before he/she leaves the CCI.  The monitor will be pre-
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programmed to record the BP every 30 minutes during the day and every 60 minutes at night.  
Instructions to participants will include removal of the device before bathing/showering to keep the 
device dry.  At the end of the 24hr monitoring period, the participant will switch off the device and mail it 
back to the study coordinator in a pre-paid mailer (which will be provided prior to CCI discharge).  Once 
received, the study coordinator will download the data using SPACELABS Inc. 92506 Report 
Management System (a PC-compatible Interface).   
 
Data Collection: 

This study will collect demographic information (age, self-described race and ethnicity, sex), and physical 
data (height, weight, screening blood pressure). Blood and urine samples will be analyzed for various 
biomarkers to collect the data necessary to carry out the specific aims, as described in the section above 
Parameters Measured. All of these data will be recorded in association with a study ID number, and kept 
as secure excel files by the statistician and programmer. The only individually identifiable private data 
that will be collected are names, addresses, and contact phone numbers so that participants can be 
screened with follow-up phone calls, and they will be admitted to the inpatient CCI under their name. 
This personal information, however, will not be associated with the results obtained from the various tests 
performed, as the latter will be associated with a study ID number. The file linking the study ID number 
and the personally identifiable information will be kept by the PI in a secure location and will not be 
violated unless it becomes medically necessary to contact a participant on the basis of one of their lab 
screening tests (e.g., elevated liver function tests). 

 
 
Biostatistical analysis 
 
The primary purpose of the trial is to generate pilot data for a larger randomized control trial. 
Therefore we aim to calculate means and standard errors for the parameters as well as estimates of effects 
of sleep extension and melatonin supplementation which will allow accurate power calculations and 
facilitate the design of a larger study. While we suspect we will be underpowered in this study to find 
significant differences in endpoints due to sleep extension or melatonin supplementation we will perform 
statistical analysis on the outcomes as follows. For the main outcomes (renal specific RAAS, BP, 
glycemic control [insulin sensitivity and β-islet cell function]), we can assume a normal approximation 
for the changes in log transformed endpoints and so will use an ANCOVA analysis to compare the 
change in outcome from baseline to 6 week follow-up between melatonin (N=8) and placebo groups 
(N=8) of the study. Finally we will test the interaction of sleep extension and melatonin supplementation 
using multivariable linear regression of the parameter change with predictors which will include treatment 
assignments (sleep extension and melatonin supplementation) and the interaction term sleep extension 
*melatonin supplementation in an analysis of all study participants (N=16). 
For the purposes of this grant we have performed power calculations for sleep extension based on either 
pilot data from obese individuals from our own studies or published results.  
Renal specific RAAS Activity – Based upon published data, we assume that change in renal specific RAAS 
activity (∆RPFcaptopril)  is 46ml/min/1.73m2  in obese individuals, SD 1272, and From these values, we 
estimate that we will have 80% power to detect a change in ∆RPFcaptopril with sleep extension of 15 
ml/min/1.73m2   (33% from baseline) with type I error of 0.05 (two-tailed), Table 7. 
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Central Blood Pressure – Based on pilot data, we assume a mean central systolic BP of 106 mmHg and 
SD 10 mmHg with a between measurement correlation coefficient 0.89. Thus, for ANCOVA analysis the 
SD is 6.0 for change in BP. From these values, we estimate we will have 80% power to detect a change in 
BP of 8 mmHg due to sleep extension with type I error of 0.05 (two-tailed), Table 7. 
24 hour Ambulatory Blood Pressure – Based on pilot data, we assume a mean 24-hour systolic BP of 
122.8 mmHg and SD of 10.4mmHg with a between-measurement correlation coefficient 0.74. Thus for 
ANCOVA analysis the SD is 5.0 for change in BP. From these values, we estimate that we will have 80% 
power to detect a 6 mmHg change in 24-hour mean SBP due to sleep extension with a type I error rate of 
0.05 (two-tailed). 
Insulin sensitivity –Based on published data, we assume a mean insulin sensitivity of 19.03 
dl/kg/min/pmol/l and SD of 1.38 dl/kg/min/pmol/l and a between-measurement correlation coefficient of 
0.7.2,73 Thus for ANCOVA analysis the SD for change in insulin sensitivity is 1.1 dl/kg/min/pmol/l. From 
these values we estimate that we will have 80% power to detect a change in insulin sensitivity of 1.4 
dl/kg/min/pmol/l due to sleep extension with type I error of 0.05 (two-tailed), Table 7 
β-islet cell responsitivity – Based on published data, we assume a mean β islet cell response (dynamic 

response,ϕd) of 494.88 and SD of 25.16 and a assume a measurement correlation coefficient of 0.7.2,73 . 
Thus for ANCOVA analysis the SD for change in ϕd is 17.68.  From these values we estimate that we will 
have 80% power to detect a change in β islet cell response of 24 due to sleep extension with type I error 

of 0.05 (two-tailed), Table 7.  All power calculation performed with PS power and sample size calculator, 
version 3.0.34. 
Table 7: Comparison of the change in outcome we are powered to detect compared with measured 
changes in outcomes detected in other studies with lifestyle interventions or BMI comparisons. 

Outcome Intervention/Comparison ∆ Measured 
Detectable change in this 
study 

Renal Specific 
RAAS72 

Obese vs overweight 9ml/min/1.73m2 15ml/min/1.73m2 

Central  systolic 
BP46 Diet and exercise 12 mmHg 8mmHg 

24hour ABPM47 
Difference in BMI of 
5kg/m2 3 mmHg 6mmHg 

Insulin 
Sensitivity22 Diet and exercise 19% change 7% change 

β-islet cell 
function40 

Diet 20% change 5% change 

 
 
Risks and Discomforts 
 

Potential complications to participants include: (i) the discomfort from having phlebotomy; (ii) the 
discomfort from having intravenous peripheral catheters placed during CCI admissions; (iii) potential side 
effects from being on a high salt diet for 3 days, such as elevation of BP or hypokalemia; (iv) potential 
side effects from medications administered during the inpatient CCI stays, including drop in BP from oral 
captopril consumption (for the renal plasma flow study (RPF)); (v) side effects from melatonin such as 
allergic reaction, medication interactions, and elevation of liver function tests; and finally (vi) the chance 
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of a confidentiality breach such that personal information becomes de-identified and linked to the results 
of the various studies and blood tests.  

i. Phlebotomy: This risk will occur by study design but is minimal. 

ii. Peripheral intravenous catheter placement: This risk will occur by study design but is minimal. 

iii. High salt diet: A high salt diet is common to the US population, and enrolled participants will not have 
pre-existing HTN or hypokalemia; thus, a high salt diet for 3 days is unlikely to cause harm. 

iv. Inpatient procedures: Severe hypotensive reactions to the oral captopril are very uncommon in our 
experience among those we’ve studied who were free from pre-existing HTN; nevertheless, participants 
will undergo constant monitoring during the RPF study, and captopril will not be given if the BP prior to 
scheduled captopril administration is less than 100 mmHg systolic or 60 mmHg diastolic. 

v. Side effects from Melatonin: The tolerability of controlled-release melatonin has been widely studied. 
In the largest series, 791 subjects were evaluated for 3 weeks in a randomized placebo-controlled trial; 
adverse event rates were 0.8% with melatonin and 0.6% with placebo. After 3 weeks, 711 subjects were 
re-randomized for an additional 26 weeks; during this prolonged period, the incidence of adverse events 
was 0.6% and 0.7% in melatonin and placebo arms, respectively. In a separate, smaller open label study 
of controlled-release melatonin, the most common adverse events attributed to melatonin were dizziness 
and headache. Controlled-release melatonin was found to have no effect on psychomotor function or 
memory in adults relative to placebo. 

vi. Breach of confidentiality: This poses a psychological/financial risk, should information about medical 
history, laboratory information, or test results be breached. To guard against this, all recorded data, 
identified by study number only, will be housed separately from the name-address-phone number file of 
participants in the study. Only the principal investigator (or designated assistant) will have need (and 
necessary access) to cross-reference the files, and this will be done only when it is necessary to contact a 
participant for medical reasons, or if the participant is seeking additional information. 

If subjects experience study related adverse events, they will be followed up by the study until the 
symptoms resolve. Depending on severity, this can range from daily to weekly phone calls or possibly 
study visits.  

None of the inpatient studies use radiation and so participants will not be at additional radiation risk from 
enrollment in the study. 

Adequacy of Protection Against Risks 

Overall, as described above, the risks associated with this proposal are either minimal, or else unlikely to 
occur. Informed consent will be obtained from all participants, and all possible protections against risk 
will be employed. 

a. Informed Consent. Our plans for recruitment were outlined in the Research Strategy. Essentially, 
potential participants will be identified though public advertisements and interested individuals will 
initially be screened by telephone to judge potential eligibility. At the screening visit, informed consent 
will be obtained by the PI (Dr. McMullan), or occasionally, by the Co-investigator (Dr. Forman). All 
consent forms will have been pre-approved by the institutional review board at Brigham and Women’s 

Hospital. The process of informed consent will provide potential participants with the following 
information: 
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i. Purpose of the study 

ii. Drugs to be administered and the possible use of placebo 

iii. A description of randomization and blinding 

iv. Reasons why the participant may eligible for the study 

v. The number of participants expected to be enrolled 

vi. The funding source for the study 

vii. Duration of the study 

viii. A detailed description of all outpatient and inpatient study protocols and tests to be performed 

ix. Storage of blood samples for possible future use 

x. Circumstances under which participation may be terminated by the investigator 

xi. Procedures for safe and orderly termination if the participant wishes to withdraw 

xii. A detailed explanation of all potential risks, including unforeseen risks, and potential benefits 

xiii. Remuneration 

b. Protections Against Risk. As described above, we will exclude from enrollment individuals who are at 
increased risk for adverse events resulting from study medications. We will screen for side effects of 
study medications weekly, and monitor for biochemical side effects through laboratory screening. 
Individuals who have serious adverse reactions will have study participation terminated. Risk associated 
with the outpatient screening and checkup visits (phlebotomy) is minimal. Risk associated with inpatient 
procedures (the EDD and RPF studies) will be minimized by continuous monitoring by a physician (the 
PI or Co-investigator) and nurse, and – as noted – participants will already be hospital inpatients at that 
time so any serious adverse events can quickly be addressed. No vulnerable populations will be enrolled. 

 

Potential Benefits  

Potential benefit to society: As described in detail in the Study Procedure section, we will perform a 
small pilot study of obese individuals. We plan to enroll a total of 20 individuals into a randomized 
controlled trial. All participants will be adults (age≥18 years), and will be recruited from the Boston area. 

Volunteers will be recruited and screened for inclusion based upon having a BMI≥30 kg/m2, and having 

HbA1C between 5.7 and 6.4%. Other than having these “conditions”, potential participants will be 
expected to otherwise be in general good health, without severe co-morbid conditions as described in the 
Subject Enrollment section. There will be no involvement of special vulnerable populations. After 
randomization, participants will be retained by weekly phone calls; additionally, the duration of this trial 
(6 weeks) is relatively short. Study group assignment will be random, of the 20 participants, 10 will 
receive placebo, and 10 will receive controlled release melatonin (2.0mg of Circadin® nightly for 6 
weeks). The 2 mg controlled-release formulation of melatonin has been studied previously in diabetic 
subjects and improves sleep duration. Pharmacokinetic data suggests that this dose of melatonin achieves 
nocturnal serum melatonin levels at or above physiological concentrations among healthy volunteers and 
is therefore adequate to replete nocturnal melatonin in individuals who have relatively low endogenous 
secretion.  
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The key potential benefit is the knowledge that is gained on potentially modifiable mediators of important 
pathophysiologic mechanisms of disease. The segment of the US population that would meet our study 
criteria is large; specifically, over half of the US adult population is obese, and nearly a quarter of these 
individuals have pre-diabetes. Thus, the results of this study could have profound public health 
implications. 

 

Potential benefit to participants: It is possible that participants will gain direct benefit from these studies. 
First of all, it is possible that individuals who are not randomized to placebo will benefit from treatment. 
On the other hand, because this study is only 12-weeks in duration, these benefits (if present) will likely 
be short-lived. 

Monitoring and quality assurance 

We will submit our data safety monitoring plan (DSMP) to the Brigham and Women’s Hospital 

Institutional Review Board for approval. It is based upon the guidelines set forth by the Brigham and 
Women’s IRB that we have formulated our Safety Monitoring Plan. 

a. Type of DSMP. We plan to implement a fully independent data safety monitoring board (DSMB), 
which will meet every 6 months. The DSMB will have 2 members independent of Drs. McMullan and 
Forman; a statistician and a clinical investigator. The first meeting will be prior to subject enrollment to 
allow agreement on expectations of investigator and DSMB, with review of the study protocol approved 
by IRB. Safety data regarding adverse effects will be presented at each DSMB meeting as will unblinded 
outcome data. At each meeting the DSMB will decide on the continuation of the trial after considering the 
study risk based on the accumulation of adverse events and the futility of the trial based on the outcomes 
data. In addition to the DSMB a committee of investigators, including Drs. McMullan and Forman, as 
well as a research pharmacist will provide safety monitoring on a weekly basis allowing “on-the-spot” 

monitoring for abnormal safety labs or protocol breaches as well as providing decisions regarding 
termination of an individual’s participation. This will allow greater flexibility and speed to react to safety 
issues should they arise. 

b. Data to be reviewed. The safety committee made of investigators will review data pertaining to side 
effects and adverse events.  

ClinicalTrials.gov Requirements 

The principal investigator of this proposal, as the responsible party, will comply with Public Law 110-85 
(FDAAA), and will register this clinical trial on ClinicalTrials.gov. 
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