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ORIGINAL ARTICLE

Diurnal Variations in Natriuretic Peptide Levels: 
Clinical Implications for the Diagnosis of Acute 
Heart Failure
Tobias Breidthardt , MD*; William P.T.M. van Doorn, MSc*; Noreen van der Linden, MD, PhD; Matthias Diebold , MD;  
Desiree Wussler , MD; Isabelle Danier, MD; Tobias Zimmermann , MD; Samyut Shrestha, MD; Nikola Kozhuharov , MD;  
Maria Belkin , MD; Caroline Porta, Msc; Ivo Strebel , PhD, MD; Eleni Michou, MD; Danielle M. Gualandro, MD, PhD;  
Albina Nowak, MD; S.J.R. Meex, PhD; Christian Mueller , MD

BACKGROUND: Current guidelines recommend interpreting concentrations of NPs (natriuretic peptides) irrespective of the time 
of presentation to the emergency department. We hypothesized that diurnal variations in NP concentration may affect their 
diagnostic accuracy for acute heart failure.

METHODS: In a secondary analysis of a multicenter diagnostic study enrolling patients presenting with acute dyspnea to the 
emergency department and using central adjudication of the final diagnosis by 2 independent cardiologists, the diagnostic accuracy 
for acute heart failure of BNP (B-type NP), NT-proBNP (N-terminal pro-B-type NP), and MR-proANP (midregional pro-atrial NP) 
was compared among 1577 daytime presenters versus 908 evening/nighttime presenters. In a validation study, the presence of a 
diurnal rhythm in BNP and NT-proBNP concentrations was examined by hourly measurements in 44 stable individuals.

RESULTS: Among patients adjudicated to have acute heart failure, BNP, NT-proBNP, and MR-proANP concentrations were 
comparable among daytime versus evening/nighttime presenters (all P=nonsignificant). Contrastingly, among patients adjudicated 
to have other causes of dyspnea, evening/nighttime presenters had lower BNP (median, 44 [18–110] versus 74 [27–168] ng/L; 
P<0.01) and NT-proBNP (median, 212 [72–581] versus 297 [102–902] ng/L; P<0.01) concentrations versus daytime presenters. 
This resulted in higher diagnostic accuracy as quantified by the area under the curve of BNP and NT-proBNP among evening/
nighttime presenters (0.97 [95% CI, 0.95–0.98] and 0.95 [95% CI, 0.93–0.96] versus 0.94 [95% CI, 0.92–0.95] and 0.91 [95% 
CI, 0.90–0.93]) among daytime presenters (both P<0.01). These differences were not observed for MR-proANP. Diurnal variation 
of BNP and NT-proBNP with lower evening/nighttime concentration was confirmed in 44 stable individuals (P<0.01).

CONCLUSIONS: BNP and NT-proBNP, but not MR-proANP, exhibit a diurnal rhythm that results in even higher diagnostic 
accuracy among evening/nighttime presenters versus daytime presenters.

REGISTRATION: URL: https://www.clinicaltrials.gov; Unique identifiers: NCT01831115, NCT02091427, and NCT02210897.

Key Words: circadian rhythm ◼ diagnostic techniques, cardiovascular ◼ dyspnea ◼ heart failure ◼ natriuretic peptides

Acute heart failure (AHF) is the most common 
cause of unplanned hospitalization and associated 
with high morbidity and mortality.1–3 The clinical 

introduction of NPs (natriuretic peptides) as quantitative 
markers of hemodynamic stress and heart failure has 
substantially improved the rapid detection and rule out of 
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AHF among patients presenting with acute dyspnea.4–7 
Current European and American clinical practice guide-
lines endorse the diagnostic use of NPs with a class I 
recommendation.2,3 They also suggest interpreting NP 
concentrations and applying NP cutoff levels irrespec-
tive of the time of presentation. This strategy has recently 
been challenged by pilot studies suggesting NP concen-
trations to display naturally occurring diurnal variations in 
healthy individuals and in stable patients, with lower NP 
concentrations in the evening/night versus during the 
day.8–11 It is currently unknown whether diurnal variations 
in NPs affect diagnostic accuracy in patients presenting 
with acute dyspnea.

We, therefore, aimed to quantify diurnal variations and 
the possible effect on their diagnostic accuracy for AHF 

in BNP (B-type NP), NT-proBNP (N-terminal pro-B-type 
NP), and MR-proANP (midregional pro-atrial NP) con-
centrations among daytime versus evening/nighttime 
presenters in a large, multicenter diagnostic study using 
central adjudication. To validate our findings, we exam-
ined diurnal variation with hourly blood sampling over 1 
full day (25 hours) in 44 stable volunteers with and with-
out chronic kidney disease (CKD).

METHODS
BASEL V Emergency Department Patient 
Population
BASEL V (Basics in Acute Shortness of Breath Evaluation 
Study; NCT01831115) was a prospective, diagnostic, multi-
center study enrolling adult patients presenting to the emer-
gency department (ED) of 2 university hospitals (Basel and 
Zurich) in Switzerland with nontraumatic acute dyspnea.12,13 
While enrollment was independent of renal function, patients 
with terminal renal failure on chronic renal replacement therapy 
were excluded. For this secondary analysis, patients were eli-
gible if the time of presentation was recorded and at least 1 
NP measurement was performed at presentation (Figure S1). 
The study was performed according to the principles of the 
Declaration of Helsinki and approved by the local ethics com-
mittees. The authors designed the study, gathered, analyzed, 
and report the data according to the Standards for Reporting 
of Diagnostic Accuracy Studies guidelines for studies of diag-
nostic accuracy. The authors declare that all supporting data 
are available within the article.

Central Adjudication of AHF (Reference 
Standard)
Two independent cardiologists centrally adjudicated the final 
diagnosis mainly responsible for acute dyspnea using all medi-
cal information pertaining to the patient including detailed 
clinical assessment, NPs, cardiac imaging, response to ther-
apy, autopsy data for deceased patients, and 90-day follow-
up according to the European Society of Cardiology clinical 
practice guidelines. In situations of diagnostic disagreement, 
cases were reviewed and adjudicated in conjunction with a 
third cardiologist.

Biomarker Sampling
At presentation to the ED, blood samples for determination of 
NP concentrations were collected into tubes containing potas-
sium EDTA. After centrifugation, samples were either imme-
diately analyzed (the NP in clinical use at the respective site) 
or frozen at −80 °C for later analysis in batch (the other NPs).

Maastricht Serial Sampling Patient Population
Hourly blood sampling over 1 full day (25 hours) was per-
formed in 44 individuals divided into 2 study groups as 
described previously.14–17 Briefly, the first study group con-
sisted of 24 individuals without clinically diagnosed CKD (21% 
women), and the second group (30% women) consisted of 20 
patients with clinically diagnosed CKD stage ≥3 (estimated 

Nonstandard Abbreviations and Acronyms

AHF acute heart failure
AUC area under the curve
BASEL V  Basics in Acute Shortness of Breath 

Evaluation Study
BMI body mass index
BNP B-type natriuretic peptide
CKD chronic kidney disease
ED emergency department
IQR interquartile range
LOD limit of detection
MR-proANP   midregional pro-atrial natriuretic 

peptide
NP natriuretic peptide
NT-proBNP  N-terminal pro-B-type natriuretic 

peptide

WHAT IS NEW?
• This study describes for the first time that natri-

uretic peptide concentrations among patients pre-
senting to the emergency department with acute, 
noncardiac dyspnea follow a diurnal rhythm with 
peak levels at midday and through levels at night-
time. Diurnal variations of BNP (B-type natriuretic 
peptide) and NT-proBNP (N-terminal pro-B-type 
natriuretic peptide) were confirmed in 44 stable 
individuals.

WHAT ARE THE CLINICAL IMPLICATIONS?
• Despite statistically impacting the diagnostic accu-

racy for acute heart failure depending on presenta-
tion time, the diagnostic accuracy of the clinically 
established cutoff values for BNP and NT-proBNP 
for acute heart failure remains very high at all times. 
MR-proANP (midregional pro-atrial natriuretic pep-
tide) concentrations do not exhibit diurnal variations.

D
ow

nloaded from
 http://ahajournals.org by on A

pril 13, 2023

https://www.ahajournals.org/doi/suppl/10.1161/CIRCHEARTFAILURE.121.009165


Breidthardt et al Diurnal Variation of Natriuretic Peptides

578Circ Heart Fail. 2022;15:e009165. DOI: 10.1161/CIRCHEARTFAILURE.121.009165 June 2022

glomerular filtration rate, <60 mL/min per 1.73 m2). The esti-
mated glomerular filtration rate was calculated according to the 
CKD Epidemiology Collaboration formula.18 Exclusion criteria 
included current dialysis treatment, myocardial infarction in the 
12 months before the study, active cardiac disease (cardiomy-
opathy, angina pectoris, or myocarditis), and anemia (hemoglo-
bin, <10.5 g/dL).14 Subjects arrived at the laboratory by public 
transport or car after an overnight fast. During 25 hours, from 
8.30 AM till 9.30 AM the next day, subjects were restricted to 
the laboratory environment, and samples were collected every 
hour from an antecubital venous catheter. Extension lines for 
blood sampling were used to prevent disturbance of partici-
pants’ sleep during the night. Meals were consumed at 8:30 
AM, 12:30 PM, and 6:00 PM (breakfast, lunch, and dinner, 
respectively). Subjects went to bed at 11:30 PM, and lights 
were off between 11:35 PM and 7:00 AM. Participants were 
asked to refrain from exhaustive physical activities and exercise 
training, 2 days before the test day. Hemoglobin and hematocrit 
values were used to quantify possible plasma volume changes 
due to changes in hydration status or posture during the diur-
nal variation study.19 The serial sampling study was approved 
by the Institutional Review Board and Ethics Committee of the 
Maastricht University Medical Center and registered at https://
www.clinicaltrials.gov (NCT02091427 and NCT02210897). 
All participants provided written informed consent. This analy-
sis includes 21 and 19 patients with and without CKD, respec-
tively, after exclusion of 4 individuals due to the absence of 
both BNP and NT-proBNP measurements.

Measurement of NPs
For both cohorts, BNP was measured by a micropar-
ticle enzyme immunoassay (AxSym or Architect; Abbott 
Laboratories, Abbott Park, IL), which had a limit of detec-
tion (LoD) of 10 ng/L and an assay range of 10 to 5000 
ng/L (package insert). Forty-four (2% of the study popula-
tion) patients tested at or below the LoD. NT-proBNP levels 
were determined by a quantitative electrochemiluminescence 
immunoassay (Elecsys proBNP; Roche Diagnostics AG, Zug, 
Switzerland). According to the package insert, this method 
has an LoD of 5 ng/L and an assay range of 5 to 35000 
ng/L. Eighteen patients (0.7% of the study population) tested 
at or below the LoD. In the BASEL V ED patient population, 
MR-proANP was measured with an automated sandwich 
chemiluminescence immunoassay on the KRYPTOR System 
(BRAHMS AG, Hennigsdorf/Berlin, Germany) as described 
previously.20 The functional assay sensitivity (interassay coef-
ficient of variance, <20%) is 20 pmol/L, and the LoD is 6.0 
pmol/L. No patient tested at the LoD.

Statistical Analysis
Comparisons between groups were made using the indepen-
dent Student t test and ANOVA, or Mann-Whitney test and 
Kruskal-Wallis test, Wilcoxon signed-rank test, and Pearson 
χ2 test, as appropriate. The Jonckheere-Terpstra trend test 
was used to assess time-dependent trends in NP levels. 
Receiver operating characteristic curves were constructed 
to assess sensitivity, specificity, and 95% CIs of NP levels 
to diagnose AHF. The comparison of the areas under inde-
pendent receiver operating characteristic curves (AUCs) was 
performed as recommended by Hanley et al.21 For diurnal 

variation analyses in the BASEL V ED cohort, patients were 
separated into quintiles according to their ED presentation 
time. Patients presenting during the first 3 presentation time 
quintiles (9:30–15:40) were defined as daytime present-
ers. Patients presenting during the last 2 presentation time 
quintiles (15:41–9:29) were defined as evening/nighttime 
presenters. Additionally, a chronological definition of day and 
night was used with daytime lasting from 8:00 to 19:59 and 
nighttime lasting from 20:00 to 7:59.22

Linear regression models were used to assess the rela-
tive percentage difference of circulating NP concentrations 
between daytime and evening/nighttime presenters with a 
95% CI (adjusted for age, sex, body mass index [BMI], and sys-
tolic blood pressure). This was calculated using the following 
formula: (eβ)×100 (β coefficient from linear regression).

Diurnal rhythms of NPs in the Maastricht serial sampling 
cohort were analyzed by fitting the data to a cosine curve by 
using the method of cosinor rhythmometry, which was exten-
sively described previously.14–16,23,24 Briefly, the cosinor model 
is described with Z(t)=M+A·cos (ωt+φ)+e(t); where Z(t) rep-
resents the measured NP concentration at a given time (t), M 
represents the mesor (value around which oscillation occurs), 
A represents the amplitude (half the difference between the 
peak and the nadir value), ω represents the angular frequency 
(degrees per unit time with 360° representing a complete 
cycle), φ represents the acrophase (timing of maximal value 
in degrees), and e(t) represents the error between the cosinor 
model and the measurement. Evidence of a diurnal rhythm 
was indicated by a significant cosinor model fit on normal-
ized analyte values (normalized to the 24-hour mean value). 
Cosine curves on group level were expressed as devia-
tion (%) from the 24-hour mesor concentration. For both 
cohorts, all hypothesis testing was 2 tailed, and P<0.05 was 
considered statistically significant unless otherwise stated. 
Secondary analyses were performed in both cohorts assess-
ing the impact of body weight on NP rhythm. In line with a 
previous study, patients with a BMI between 18 and 25 kg/
m2 were considered lean, and patients with a BMI above 30 
kg/m2 were considered obese.11 Statistical analyses were 
performed with SPSS for Windows 23.0 (IBM, Armonk, NY), 
MedCalc 11.2.1.0 (MedCalc Software, Ostend, Belgium), R 
(version 3.3.1), and the R-packages Cosinor (version 1.1) and 
Cosinor2 (version 0.1).24

RESULTS
BASEL V ED Patient Population
Baseline Characteristics
Among 2485 eligible patients, the median age was 76 
years, and 43% of patients were women (Table 1; Table 
S1). Median New York Heart Association functional 
class at presentation was (3 [interquartile range (IQR), 
3–4]) independent of presentation time. Overall, baseline 
characteristics were comparable in patients presenting 
during daytime versus in the evening/nighttime. How-
ever, systolic blood pressure displayed a diurnal varia-
tion with peak levels at night (0:00–9:29) and trough 
levels at midday (11:16–13:15). This was observed in 
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all patients, patients with AHF, and patients with other 
causes of dyspnea (P<0.01 for all). In No-AHF patients, 
the difference in mean systolic blood pressure between 
peak and through levels was 8 mm Hg. Consequently, 
systolic blood pressure was lower in daytime present-
ers compared with evening/nighttime presenters (all 
patients: 136±27 versus 141±26, P<0.01; no-AHF 

patients: 137±24 versus 142±23, P=0.02). AHF was 
the adjudicated final diagnosis in a similar proportion of 
patients presenting during daytime versus in the eve-
ning/nighttime (59% versus 58%). Circulating BNP, 
NT-proBNP, and MR-proANP concentrations were 490 
(96–1204), 2015 (IQR, 305–6395), and 273 (125–
472) ng/L in all patients; 948 (521–1704) ng/L, 5052 

Table 1. Baseline Characteristics

 
All patients 
(n=2485)

Daytime  
(n=1577)

Evening/nighttime 
(n=908) P value

Demographics

 Age, y 76 (63–83) 76 (64–83) 74 (61–83) 0.01

 Men, % 1415 (57%) 886 (56%) 529 (58%) 0.33

Medical history

 Hypertension, % 1736 (70%) 1104 (70%) 632 (70%) 0.53

 Diabetes, % 590 (24%) 366 (23%) 224 (25%) 0.39

 Coronary artery disease, % 927 (37%) 580 (37%) 347 (38%) 0.28

 CKD, % 802 (32%) 513 (33%) 289 (32%) 0.88

 COPD, % 775 (31%) 474 (30%) 301 (33%) 0.33

Physical exam at ED

 SBP, mm Hg 139±26 136±27 141±26 <0.01

 HR, bpm 91±24 91±23 92±24 0.17

 Temperature, °C 37.1±0.9 37.1±0.9 37.1±0.8 0.46

 Oxygen saturation, % 95±5 94±5 94±5 0.02

 Body weight, kg 74 (63–87) 74 (63–86) 76 (64–87) 0.12

 BMI, kg/m2 26 (23–30) 26 (23–30) 26 (23–30) 0.51

 Peripheral edema, % 1118 (45%) 733 (47%) 385 (43%) 0.02

 Rales, % 1168 (47%) 730 (47%) 430 (49%) 0.11

Laboratory parameters

 Hemoglobin, g/L 132 (117–145) 133 (119–147) 131 (116–144) 0.01

 White blood count, g/L 8.8 (7.0–11.5) 8.8 (7.1–11.5) 9.1 (7.0–12.1) 0.25

 C-reactive protein, mg/L 11.6 (3.6–38.0) 12.9 (4.2–40.5) 9.8 (3.3–36.8) 0.01

 Creatinine, μmol/L 89 (70–124) 91 (70–127) 90 (71–123) 0.72

 eGFR, mL/min 64 (43–87) 63 (42–85) 64 (42–87) 0.27

 Sodium, mmol/L 139 (136–141) 138 (136–141) 139 (136–141) 0.17

ECG and echocardiography

 Atrial fibrillation, % 606 (24%) 401 (25%) 205 (23%) 0.11

 LV ejection fraction, % 50 (34–60) 50 (34–60) 50 (33–60) 0.12

 LV end-diastolic diameter, mm 50 (44–57) 50 (45–57) 50 (44–57) 0.91

 ICD/CRT, % 35 (1%) 16 (1%) 19 (2%) 0.25

Outpatient medication

 ACE inhibitor, % 1263 (51%) 791 (51%) 472 (54%) 0.12

 ARB, % 502 (20%) 306 (19%) 196 (22%) 0.27

 β-blockers, % 1150 (46%) 709 (42%) 441 (50%) 0.05

 Spironolactone, % 227 (9%) 154 (10%) 73 (8%) 0.42

 Diuretics, % 1121 (45%) 677 (53%) 444 (49%) 0.01

Final adjudicated diagnosis

 AHF, % 1456 (59%) 929 (59%) 527 (58%) 0.65

ACE indicates angiotensin converting enzyme; AHF, acute heart failure; ARB, angiotensin receptor blocker; BMI, body mass index; 
CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; ED, emergency department; eGFR, estimated glomerular 
filtration rate; HR, heart rate; ICD/CRT, implantable cardioverter defibrillator/cardiac resynchronization therapy; LV, left ventricle; and 
SBP, systolic blood pressure.
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(IQR, 2313–9954) pmol/L, and 410 (278–605) ng/L 
in patients with an adjudicated diagnosis of AHF; and 
64 (IQR, 22–150) ng/L, 236 (75–714) ng/L, and 103 
(60–191) pmol/L in patients with other causes of dys-
pnea. In lean and obese patients BNP, NT-proBNP, and 
MR-proANP concentrations were 547 (102–2636) ver-
sus 338 (86–1323) ng/L (P<0.01), 2218 (313–7245) 
versus 1379 (283–4101) ng/L (P<0.01), and 286 
(127–505) versus 242 (118–395) pmol/L (P<0.01) in 
all patients; 1056 (583–1928) versus 646 (316–1214) 
ng/L (P<0.01), 5851 (2826–11633) versus 3164 
(1306–5923) ng/L (P<0.01), and 441 (298–640) ver-
sus 332 (233–474) pmol/L (P<0.01) in patients with an 
adjudicated diagnosis of AHF; and 64 (23–147) versus 
59 (19–154) ng/L (P=0.59), 250 (80–759) versus 197 
(60–625) ng/L (P=0.09), and 103 (63–192) versus 98 
(48–176) pmol/L (P=0.17) in patients with other causes 
of dyspnea.

Diurnal Variations of NP Levels
Among patients adjudicated to have AHF, BNP, NT-
proBNP, and MR-proANP concentrations were com-
parable among daytime versus evening/nighttime 
presenters (all P=nonsignificant; Figure 1). When using 
the chronological day and night, 316 patients (107 with 
no-AHF causes of dyspnea) presented during nighttime. 
BNP, NT-proBNP, and MR-proANP concentrations were 
similar in AHF patients presenting during chronological 
day and night. In no-AHF patients, chronic obstructive 
pulmonary disease/asthma (34%), pneumonia (21%), 
pulmonary cancers/metastases (10%), and pulmonary 
embolism (9%) were the most common final adjudicated 
diagnoses. Among patients adjudicated to have other 
causes of dyspnea, evening/nighttime presenters had 
lower BNP (median, 44 [18–110] versus 75 [27–168] 
ng/L; P<0.01) and NT-proBNP (median, 167 [IQR, 
58–533] versus 269 [92–827] ng/L; P<0.01) concen-
trations versus daytime presenters (Figure 2). Hence, 
median BNP and NT-proBNP concentrations in eve-
ning/nighttime presenters were 59% and 62% of the 
concentrations observed in daytime presenters. When 
dividing presentation time according to chronological 
night and day, results were similar (BNP: 33 [15–85] 
versus 69 [25–160] ng/L, P<0.01; NT-proBNP: 117 
[37–417] versus 252 [83–761] ng/L, P<0.01). Median 
BNP and NT-proBNP concentrations in chronological 
nighttime presenters were 48% and 46% of the concen-
trations observed in daytime presenters. This observa-
tion was independent of body mass (BNP lean: median 
evening/nighttime 50 [18–108] ng/L versus daytime 
70 [31–181] ng/L, P<0.01; BNP obese: median eve-
ning/nighttime 40 [17–102] ng/L versus daytime 79 
[20–226] ng/L, P=0.01; NT-proBNP lean: median 
evening/nighttime 156 [57–522] ng/L versus daytime 
333 [114–933] ng/L, P<0.01; NT-proBNP obese: 
evening/nighttime 162 [60–553] ng/L versus daytime 

244 [60–646] ng/L, P=0.08). Hence, median BNP and 
NT-proBNP concentrations in evening/nighttime pre-
senters were 71% and 46% of the concentrations in 
lean and 51% and 66% in obese daytime presenters, 

Figure 1. Whisker plots displaying spot measurements of 
natriuretic peptide concentrations with acute heart failure 
according to quintiles of presentation time.
A, BNP (B-type natriuretic peptide), (B) NT-proBNP (N-terminal 
pro-B-type natriuretic peptide), and (C) MR-proANP (midregional 
pro-atrial natriuretic peptide). P values are derived from Jonckheere-
Terpstra trend test. Results are displayed as median concentrations; 
whisker bars display interquartile ranges. Dashed line highlights 
median concentrations according to different presentation times. 
No serial measurements were performed. ED indicates emergency 
department.
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respectively. Similarly, BNP (P<0.01 for both) and NT-
proBNP (P<0.01 for both) concentrations were lower in 
evening/nighttime presenters independent of the need 
for outpatient β-blocker therapy. This difference was 
not observed for MR-proANP concentrations (P=0.52; 

Pchronological=0.23); consequently, MR-proANP concentra-
tions of patients presenting during evening/nighttime 
and during chronological night were 93% and 110% of 
daytime presenters. Table 2 shows percentage differ-
ences of circulating NP levels after adjustment for age, 
sex, BMI, and systolic blood pressure.

Diagnostic Performance of NPs in Daytime and 
Evening/Nighttime Presenters
Diagnostic accuracy for AHF as quantified by the AUC 
was significantly higher for BNP (Figure 3A) and NT-
proBNP (Figure 3B) in evening/nighttime presenters 
compared with daytime presenters (0.97 [95% CI, 0.95–
0.98] and 0.95 [95% CI, 0.93–0.96] versus 0.94 [95% 
CI, 0.92–0.95] and 0.91 [95% CI, 0.90–0.93]). Again, 
similar results were obtained when separating patients 
according to chronological presentation time (20:00–
7:59: BNP, 0.98 [95% CI, 0.97–0.99]; NT-proBNP, 0.97 
[95% CI, 0.96–0.99] versus 8:00–19:59: BNP, 0.94 
[95% CI, 0.93–0.95]; NT-proBNP, 0.92 [95% CI, 0.91–
0.93]) Secondary analyses including patients with a 
complete pair of BNP and NT-proBNP samples revealed 
similar results. Likewise, the diagnostic accuracy for AHF 
was higher for BNP (lean AUC: evening/nighttime, 0.98 
versus daytime, 0.95; obese AUC: evening/nighttime, 
0.93 versus daytime, 0.89) and NT-proBNP (lean AUC: 
evening/nighttime, 0.96 versus daytime, 0.92; obese 
AUC: evening/nighttime, 0.91 versus daytime, 0.88) 
in evening/nighttime presenters compared with day-
time presenters independent of BMI. The AUC for MR-
proANP to detect AHF as the main cause of dyspnea 
was similar in evening/nighttime and daytime present-
ers (AUC, 0.92 [95% CI, 0.90–0.94] versus 0.90 [95% 
CI, 0.89–0.92]). Importantly, the diagnostic accuracy of 
BNP, NT-proBNP, and MR-proANP for AHF remained 
very high (>0.9) at all times. Table 3 displays diagnostic 
test characteristics of BNP and NT-proBNP at prespeci-
fied sensitivity and specificity target levels in the overall 
cohort, as well as evening/nighttime versus daytime pre-
senters. No differences between evening/nighttime ver-
sus daytime presenters existed for the sensitivity of the 3 
NPs at the guideline-recommended rule out cutoff levels 
at 100 (98% versus 97%) ng/L, 300 (98% versus 98%) 
ng/L, and 120 (97% versus 97%) pmol/L, respectively. 
Similar results were obtained when using chronologi-
cal night and day (BNP, 98% versus 97%; NT-proBNP, 
98% versus 98%; MR-proANP, 97% versus 97%). When 
assessing guideline-recommended rule in cutoff values, 
specificities for AHF in nighttime and daytime were as 
follows: BNP, 97% versus 90%; NT-proBNP<50 years, 93% 
versus 89%, NT-proBNP50–75 years, 89% versus 81%, 
NT-proBNP>75 years, 82% versus 80%. Single calculated 
cutoff values maximizing the sum of sensitivity and spec-
ificity were 184 ng/L for BNP (sensitivity, 94%; specific-
ity, 89%) in evening/nighttime presenters and 274 ng/L 

Figure 2. Whisker plots displaying spot measurements of 
natriuretic peptide concentrations with noncardiac dyspnea 
according to quintiles of presentation time.
A, BNP (B-type natriuretic peptide), (B) NT-proBNP (N-terminal pro-
B-type natriuretic peptide), and (C) MR-proANP (midregional pro-
atrial natriuretic peptide). P values are derived from the Jonckheere-
Terpstra trend test. Results are displayed as median concentrations; 
whisker bars display interquartile ranges. Dashed line highlights 
median concentrations according to different presentation times. 
No serial measurements were performed. ED indicates emergency 
department.
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(sensitivity, 89%; specificity, 85%) in daytime presenters, 
as well as 1101 ng/L (sensitivity, 91%; specificity, 88%) 
and 1224 ng/L (sensitivity, 87%; specificity, 83%) for 
NT-proBNP.

External Validation in Maastricht Serial 
Sampling Cohort
The baseline characteristics of the Maastricht cohort are 
described in Table S2. In most individuals (35 of 40), 
we found rhythmic diurnal BNP variation, characterized 
by the highest concentrations through daytime (mean, 
21.3 ng/L at 15.30 PM and 31.4 ng/L at 14.30 PM 
for non-CKD and CKD subjects, respectively) and the 
lowest concentrations during nighttime (mean, 16 ng/L 
at 4:30 AM and 21.4 ng/L at 5:30 AM the next day, 
respectively; Figure 4A; individual curves in Figures S2 
and S3). During the evening/night, individuals had lower 
BNP (median, 9 [IQR, 6–27] versus 12 [IQR, 6–32] 
ng/L for non-CKD and median, 13 [IQR, 5–27] versus 
18 [IQR, 8–36] ng/L for CKD subjects) and NT-proBNP 
(median, 10 [IQR, 4–38] versus 12 [IQR, 4–40] ng/L for 
non-CKD and median, 48 [IQR, 14–92] versus 61 [IQR, 
17–101] ng/L for CKD subjects) concentrations versus 
daytime presenters (Figures S2 through S5). Median 
BNP and NT-proBNP concentrations during the eve-
ning/nighttime were 75%/83% and 72%/79% of the 
concentrations observed during daytime for non-CKD 
and CKD subjects, respectively. When dividing presen-
tation time according to chronological day and night, 
results were similar: during the evening/night, individu-
als had lower BNP (median, 10 [IQR, 6–27] versus 11 
[IQR, 6–30] ng/L for non-CKD and median, 12 [IQR, 
5–27] versus 17 [IQR, 8–36] ng/L for CKD subjects) 
and NT-proBNP (median, 10 [IQR, 4–37] versus 12 
[IQR, 5–38] ng/L for non-CKD and median, 47 [IQR, 
15–92] versus 61 [IQR, 16–100] ng/L for CKD sub-
jects) concentrations versus daytime presenters. Median 
BNP and NT-proBNP concentrations during chronologi-
cal night were 91%/71% and 83%/77% of the con-
centrations observed during day for non-CKD and CKD 
subjects, respectively.

These observed patterns correlated significantly to 
the fitted cosine model (range R2, 0.18–0.83; all P<0.05; 
Tables S3 and S4). Additionally, we found similar rhyth-
mic diurnal NT-proBNP variation in most individuals (38 

of 40), again characterized by the highest concentra-
tions throughout daytime (mean, 292.8 ng/L at 13:30 
PM and 649.4 ng/L at 13:30 PM for non-CKD and CKD 
subjects, respectively) and lower concentrations during 
morning time (mean, 227.2 ng/L at 9:30 AM and 504.0 
ng/L at 9:30 AM, respectively; Figure 4B; individual 
curves in Figures S4 and S5). These observed patterns 
correlated significantly to the fitted cosine model (range 
R2, 0.27–0.99; all P≤0.05; Tables S5 and S6). No signifi-
cant differences for BNP versus NT-proBNP were found 
between subjects with or without CKD and between lean 
and obese patients (Figure 5). There was substantial 
overlap in phase shifts between lean and obese patients 
(BNP, 1.75 [95% CI, 1.55–1.95] versus 1.59 [95% CI, 
1.41–1.77]; NT-proBNP, 1.30 [95% CI, 1.16–1.44] ver-
sus 1.04 [95% CI, 0.84–1.24]) corresponding to a mean 
phase difference of 6 minutes for BNP and 16 minutes 
for NT-proBNP between lean and obese patients. For all 
of the diurnal rhythms, correction for possible posture-
induced changes in plasma volume did not abrogate the 
diurnal rhythm (data not shown).

DISCUSSION
In a large, multicenter diagnostic study using central 
adjudication, we quantified diurnal variations in NP con-
centrations and their possible effect on the diagnostic 
accuracy for AHF among evening/nighttime versus day-
time presenters. We report 8 major findings.

First, BNP and NT-proBNP, the 2 most widely used 
NPs, exhibit a diurnal rhythm in patients adjudicated to 
have noncardiac causes of acute dyspnea, which is char-
acterized by peak levels around midday and trough levels 
at night. This confirms previous pilot studies in healthy 
individuals.9,11 Second, the extent of the diurnal variation 
was moderate with peak/trough differences of 34 and 
114 ng/L for BNP and NT-proBNP, respectively. Simi-
larly, the percentage difference of BNP and NT-proBNP 
concentrations attributable to presentation time was 
about 20% after adjustment for comorbidities. Third, 
no clinically relevant impact of body mass on the diur-
nal rhythm of NP concentrations was observed. Fourth, 
in patients with AHF, no diurnal rhythm was observed, 
possibly because AHF-induced hemodynamic stress 
overshadowed the moderate naturally occurring daytime/

Table 2. Differences in NP Levels Between Daytime and Evening/Nighttime Presenters

 Day Evening/night, β (95% CI) %Difference (95% CI) P value

Log BNP Reference −0.29 (−0.44 to −0.13) −25 (−36 to −12) <0.01

Log NT-proBNP Reference −0.18 (−0.35 to −0.01) −16 (−30 to −1) 0.04

Log MR-proANP Reference 0.02 (−0.85 to 0.12) −1 (−8 to 12) 0.77

Multivariable linear regression models using natural log-transformed NP concentrations as the dependent variable to assess statistical differ-
ences between daytime and evening/nighttime presenters after adjustment for age, sex, BMI, and systolic blood pressure. β coefficients and 95% 
CIs are shown on NP log scale. Percentage differences between daytime and evening/nighttime presenters are estimated by (eβ)×100 assuming 
all other variables in the model remained constant. BMI indicates body mass index; BNP, B-type natriuretic peptide; MR-proANP, midregional 
pro-atrial natriuretic peptide; NP, natriuretic peptide; and NT-proBNP, N-terminal pro-B-type natriuretic peptide.
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nighttime variations. Fifth, the diurnal rhythm of circulat-
ing BNP and NT-proBNP concentrations in patients with 
noncardiac dyspnea significantly affected the diagnostic 
accuracy of these NPs for AHF, with even higher AUCs 
for BNP and NT-proBNP in evening/nightime present-
ers (due to lower concentrations in non-AHF patients) 
versus daytime presenters. Importantly, the diagnostic 
accuracy of BNP and NT-proBNP for AHF remained 
high (AUC, >0.9) at all times, and the accurate rule out of 
AHF at the clinically used cutoff levels of 100 and 300 
ng/L was not affected by presentation time (sensitivity, 
≥97%). Similarly, the specificities at recommended rule 
in cutoff values remained high at all time points and were 
comparable to previously published values.7,25–27 Hence, 

the impact of diurnal NP variations on their diagnostic 
accuracy for AHF was low. We, therefore, believe that the 
small differences in sensitivity and specificity in daytime 
versus evening/nighttime presenters do not justify the 
added complexity of adjusting established cutoff values. 
Sixth, external validation using hourly measurements of 
BNP and NT-proBNP in volunteers confirmed a diurnal 
rhythm for BNP and NT-proBNP with substantially lower 
concentrations during the night. Reduction in stable body 
posture–induced plasma volume changes did not under-
lie these diurnal variation of circulating BNP and NT-
proBNP concentrations, suggesting diurnal variations in 
cardiac filling pressure independent NP release mecha-
nisms.28 Moreover, no significant differences were found 

Figure 3. Receiver operating characteristic (ROC) curves displaying the diagnostic accuracy of natriuretic peptides with acute 
heart failure in daytime and nighttime presenters.
A, BNP (B-type natriuretic peptide) and (B) NT-proBNP (N-terminal pro-B-type natriuretic peptide). P values are derived from comparison of areas 
under independent ROC curves as recommended by Hanley et al.21 AUC indicates area under the curve; NPV, negative predictive value; Sens, 
sensitivity; and Spec, specificity.
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between subjects with or without CKD. Seventh, diurnal 
blood pressure variations appeared to be in antiphase of 
BNP and NT-proBNP variations with higher blood pres-
sure values observed in patients presenting during eve-
ning/nighttime. While this observation is in agreement 
with some older studies,10,29 it seems contradict a recent 
study establishing synchronicity between circulating NP 
concentrations and blood pressure levels in healthy vol-
unteers undergoing serial blood pressure and NP mea-
surements following a normal sleep/wake rhythm.11 The 
absence of a normal sleep/wake rhythm in ED patients 
most likely explains this apparent difference. Importantly, 
NP variations persisted after adjustment for systolic blood 
pressure. It needs to be noted that the etiology underlying 
the diurnal variations of NP concentrations and its central 
or peripheral regulation remains unknown.

Eighth, MR-proANP concentrations did not display 
statistically significant diurnal variations in patients with 
noncardiac dyspnea, and the diagnostic accuracy of MR-
proANP for AHF was similar in daytime and evening/night-
time presenters. This extends a recent study establishing 
a circadian variation of MR-proANP in healthy subjects 
under controlled light laboratory conditions and a stan-
dardized diet.11 These physiological changes appear to be 
muted when assessing ED presentation time in acutely ill 
patients deprived of a normal sleep/wake rhythm rather 
than intraindividual variations in healthy volunteers under-
going serial measurements. Interestingly, our findings are 

supported by experimental studies documenting that ANP 
mRNA did not follow a diurnal oscillation in the atrial and 
ventricular mouse heart biopsies, whereas BNP mRNA 
followed a pronounced diurnal rhythm with the lowest lev-
els during the 12-hour dark period,30 similar to the varia-
tions observed in this study. In parallel, differences in the 
half-life of BNP (20 minutes) versus NT-proBNP (120 
minutes)31 might explain the relatively smaller amplitude 
of the diurnal NT-proBNP variations versus BNP variation 
observed in this study.

Study Strengths and Limitations
This study has important methodological strengths includ-
ing its large sample size, its highly representative popula-
tion of patients presenting to the ED with acute dyspnea,1,3 
central adjudicated final diagnosis, and external validation 
in a well-described cohort of stable participants.

This study also has a number of limitations. First, MR-
proANP concentrations were only available in a subset 
of patients in the BASEL V ED cohort and not in the 
Maastricht stable participant cohort. However, sensitivity 
analyses including only patients with a full set of BNP/
NT-proBNP and MR-proANP samples confirmed the 
results of the overall cohort. However, we cannot com-
ment on any potential diurnal variations in MR-proANP 
concentrations in healthy participants following a normal 
wake-sleep pattern. Second, although using a very strong 

Table 3. Diagnostic Test Characteristics of BNP and NT-proBNP at Prespecified Sensitivity and Specificity Targets

 

Cut 
point for 
overall, 
ng/L

Sensitivity  
(95% CI)

Specificity  
(95% CI)

Cut 
point for 
daytime, 
ng/L

Sensitivity  
(95% CI)

Specificity  
(95% CI)

Cut point 
for eve-
ning/night-
time, ng/L

Sensitivity  
(95% CI)

Specificity  
(95% CI)

BNP target sensitivity

 70% 588 70% (67.4–72.6) 97% (95.0–97.8) 578 70% (66.7–73.2) 95% (92.5–96.8) 630 70% (65.5–74.2) 99% (96.7–99.8)

 80% 423 80% (77.7–82.3) 94% (91.5–95.3) 410 80% (77.0–82.8) 91% (87.5–93.1) 430 80% (76.1–83.7) 98% (95.1–99.2)

 90% 252 90% (88.3–91.7) 87% (84.1–89.2) 254 90% (87.7–92.0) 84% (80.0–87.0) 245 90% (87.0–92.8) 92% (87.6–94.7)

 95% 148 95% (93.7–96.2) 76% (72.7–79.1) 142 95% (93.2–96.4) 70% (65.4–74.1) 159 95% (92.6–96.9) 84% (79.0–88.2)

BNP target specificity

 70% 127 96% (95.1–97.3) 70% (66.5–73.3) 145 95% (93.1–96.3) 70% (65.7–74.3) 95 98% (95.9–98.9) 70% (64.3–75.7)

 80% 179 94% (92.0–94.9) 80% (76.9–82.9) 219 92% (89.7–93.6) 80% (76.0–83.6) 132 97% (94.5–98.1) 80% (74.8–84.8)

 90% 326 86% (83.7–87.7) 90% (87.7–92.2) 397 82% (78.7–84.2) 90% (87.0–92.7) 219 91% (88.3–93.7) 90% (85.8–93.4)

 95% 501 76% (73.2–78.1) 95% (93.1–96.5) 579 70% (66.6–73.1) 95% (92.5–96.8) 328 85% (81.8–88.6) 95% (91.7–97.3)

NT-proBNP target sensitivity

 70% 2658 70% (67.7–72.5) 96% (90.7–94.1) 2512 70% (69.8–72.9) 91% (88.1–92.8) 3046 70% (65.8–74.0) 96% (93.1–97.5)

 80% 1816 80% (77.9–82.2) 89% (86.9–90.9) 1688 80% (77.3–82.6) 87% (84.1–89.5) 2120 80% (76.1–83.3) 93% (90.2–95.6)

 90% 1023 90% (88.4–91.6) 82% (79.5–84.4) 1009 90% (87.9–91.9) 79% (75.4–81.9) 1146 90% (87.1–92.5) 88% (84.7–91.5)

 95% 567 95% (93.8–96.2) 71% (67.8–73.5) 536 95% (93.4–96.4) 67% (63.1–70.5) 610 95% (92.8–96.8) 77% (72.3–81.1)

NT-proBNP target specificity

 70% 536 95% (94.1–96.5) 70% (67.2–72.9) 627 94% (92.4–95.6) 70% (66.1–73.4) 417 96% (94.2–97.7) 70% (65.0–74.5)

 80% 941 91% (89.8–92.8) 80% (77.5–82.5) 1070 89% (86.7–90.9) 80% (76.7–83.1) 752 94% (91.6–95.9) 80% (75.7–84.0)

 90% 2016 77% (75.2–79.6) 90% (88.0–91.8) 2320 72% (69.0–75.0) 90% (87.4–92.2) 1360 87% (84.0–90.1) 90% (86.6–92.9)

 95% 3766 60% (57.0–62.3) 95% (93.5–96.3) 4597 51% (47.6–54.3) 95% (93.1–96.6) 2783 72% (67.6–75.7) 95% (92.1–96.9)

BNP indicates B-type natriuretic peptide; and NT-proBNP, N-terminal pro-B-type natriuretic peptide.
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methodology for the central adjudication of the final diag-
nosis, a very small number of patients may still have been 
misclassified as either AHF or non-AHF in this study. It is 
extremely unlikely that this inherent limitation would have 
influenced the main findings. Third, while enrollment was 
independent from renal function and a substantial num-
ber of patients with renal dysfunction were included in 
both cohorts, this study did not include patients with ter-
minal kidney failure on chronic hemodialysis. Accordingly, 
we cannot comment on diurnal variations in NP concen-
trations in this vulnerable patient population. Fourth, we 
enrolled a real-life population of patients presenting 
with acute dyspnea to Swiss EDs. Our study popula-
tion, therefore, mirrors the primarily White population of 
Switzerland. Further studies are needed to validate our 
findings in other ethnic groups. Fifth, even though the 
same sample storage methods were used in this study 
as in the large, multicenter study establishing the diag-
nostic accuracy and the currently used cutoff levels for 
MR-proANP,6 we cannot fully exclude that the lack pep-
tidase inhibitors during storage might have caused some 
sample degradation. Sixth, a history of obstructive sleep 

apnea, ambulatory sleep quality, and shift work were not 
assessed in this study. However, obesity-associated dys-
pnea was the final adjudicated diagnosis in only 2% of 
the study population, and over 70% of all patients were 
of retirement age; it is, therefore, unlikely that these limi-
tations would have relevantly influenced our results.

Finally, parameters of sympathetic nervous system 
and renin-angiotensin-aldosteron system activation were 
not measured in this study.

Conclusions
In healthy volunteers and in ED patients with noncardiac 
causes of acute dyspnea, BNP and NT-proBNP con-
centrations exhibit significant diurnal variations, charac-
terized by peak levels around midday and trough levels 
at night. Despite statistically impacting the diagnostic 
accuracy for AHF depending on presentation time, the 
diagnostic accuracy of BNP and NT-proBNP for AHF 
remains very high (>0.9) at all times. Importantly, the 
accurate rule out of AHF at the clinically used cutoff lev-
els of 100 and 300 ng/L is independent of presentation 

Figure 4. Diurnal variation of natriuretic peptides in nondyspneic participants according to renal function.
A, BNP (B-type natriuretic peptide) and (B) NT-proBNP (N-terminal pro-B-type natriuretic peptide). CKD indicates chronic kidney disease.
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time (sensitivity, ≥97% at all times). MR-proANP concen-
trations do not exhibit diurnal variations.
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