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Association of Sleep Duration and Variability
With Body Mass Index: Sleep Measurements
in a Large US Population of Wearable Sensor Users
Inadequate sleep has been linked to negative health out-
comes, including obesity, coronary artery disease, hyperten-
sion, type 2 diabetes, and even incident pneumonia.1 Most
population-level sleep data are limited by recall bias, cross-

sectional nature, and lack of
detail regarding sleep habits
over months to years. The

recent increased uptake of wearable sensors (also known as
activity trackers) has made such longitudinal data increas-
ingly obtainable with digital devices that offer unobtrusive

monitoring of multiple health parameters, including sleep.
Here we describe longitudinal sleep characteristics in more
than 120 000 individuals with up to 2 years of monitored
sleep duration data. We examined the hypothesis that
shorter sleep duration (hours slept at night) and greater day-
to-day variability of sleep duration (standard deviation of
hours slept at night) are associated with increased body
mass index (BMI).1,2

Methods | This retrospective cohort study was deemed ex-
empt from human subjects research oversight by the Scripps
Institutional Review Board owing to the use of deidentified
data. Sleep data from 200 000 deidentified individuals con-
sistently using a commercially available wearable device
(Fitbit Inc) from March 2016 to March 2018 were included.

Figure 1. Sleep Duration in the Study Cohort

5

4

3

2

1

0

Pe
rc

en
ta

ge
 o

f i
nd

iv
id

ua
ls

Mean sleep duration, h

Overall mean sleep durationA

103 4 5 6 7 8 9

25

20

15

10

5

0

Pe
rc

en
ta

ge
 o

f d
ay

s

Mean sleep duration, h

Sleep duration, person 2C

1211103 4 5 6 7 8 9

25

20

15

10

5

0

Pe
rc

en
ta

ge
 o

f d
ay

s

Mean sleep duration, h

Sleep duration, person 3D

1211103 4 5 6 7 8 9

25

20

15

10

5

0

Pe
rc

en
ta

ge
 o

f d
ay

s

Mean sleep duration, h

Sleep duration, person 1B

1211103 4 5 6 7 8 9

A, Distribution of the mean sleep duration of all 120 522 individuals in the data
set. Individuals had to have at least 100 days of sleep data with at least 22 hours
of wear time to be included. B, C, and D, The distribution sleep duration for 3

individuals with similar mean sleep duration (6.7-7.3 hours). Their body mass
indexes ranged from 27 to 28 and ages ranged from 43 to 79 years. Body mass
index is calculated as weight in kilograms divided by height in meters squared.
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Device users provided basic demographic information and
agreed to the use of their deidentified data for research pur-
poses. These data included the longest, or “main,” sleep pe-
riod for all participants. Individuals without sex or BMI infor-
mation were excluded, as were those with less than 100 days
of data. Only data from days with 22 hours or more of “on-
wrist,” or wear, time were included (eFigure in the Supple-
ment). Data were assessed for (1) sleep duration and (2) sleep
variability using standard deviation of sleep duration. These
metrics were calculated for each user separately, averaged, and
then examined according to self-reported baseline BMI. Using
an unpaired t test for samples from independent means, we
tested the hypothesis that there was an association of shorter
sleep duration and greater sleep variability with BMI (dichoto-
mized at 30 based on the threshold for obesity) (eMethods in
the Supplement). Data analysis was conducted using Python,
version 3.6 (Python Software Foundation).

Results | Sleep Duration and Longitudinal Sleep Patterns. Data from
120 522 individuals (median [interquartile range], 256 [156-
342] nights) showed a mean sleep duration of 6 hours 47 min-
utes (SD, 48 minutes) (Figure 1A). Even when individuals had
similar mean sleep durations, their patterns of sleep—or sleep
variability—often differed substantially (see examples in
Figure 1B, C, and D).

Association of Sleep With BMI. Shorter sleep duration and greater
sleep variability were each associated with higher BMI
(Figure 2). Using a BMI threshold of 30, we found that partici-
pants with BMIs over the threshold had slightly shorter mean
(SD) sleep durations (6.62 [0.85] vs 6.87 [0.76]

hours; P < .001; approximately 15 minutes less) and more vari-
able sleep (1.46 [0.38] vs 1.38 [0.37] hours; P < .001).

Discussion | We analyzed objective sleep measurements for a
large longitudinal cohort of adults wearing activity monitor-
ing devices. By comparison, while the Centers for Disease
Control and Prevention biannually surveys approxi-
mately 500 000 people in the US about their sleep duration,
this consists of a single question based on subjective recall.
Research studies may track sleep using actigraphy, but typi-
cally for less than 1 week and include at most several thou-
sand participants. Our work suggests the feasibility of large-
scale, ongoing objective sleep measurements.

Major findings of our study include that (1) individual
sleep durations and patterns are highly variable, and (2)
shorter sleep duration and greater sleep variability were
both associated with higher BMI. While we cannot deter-
mine the direction of association from our study result,
these findings provide further support to the notion that
sleep patterns are associated with weight management and
overall health. The findings also support the potential value
of including both sleep duration and individual sleep pat-
terns when studying sleep-related health outcomes.

Several limitations of our study should be noted. Our
sleep measures were estimated from accelerometers/optical
sensors rather than criterion-standard polysomnography,
although we note validation studies that suggest reasonable
accuracy for total sleep time.3,4 Individuals likely to use
wearables are generally of higher socioeconomic status,
younger, and healthier, and thus our results might not gen-
eralize to other populations.5,6 In addition, we excluded nap

Figure 2. Sleep and Obesity
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A, Mean sleep duration is associated with body mass index (BMI). B, Sleep variability is associated with BMI. BMI is calculated as weight in kilograms divided by
height in meters squared. Error bars represent standard error of the mean.
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data, relied on self-reported height and weight, and could
not ascertain comorbidities.
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