Blood sugar level follows perceived time rather than
actual time in people with type 2 diabetes
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The current study investigates whether perceived time has an
effect on blood glucose level in people with type 2 diabetes. The
hypothesis is that perceived time will have a greater influence over
blood glucose level than actual time. Changes in blood glucose levels
were measured in 46 participants with diabetes while they completed
simple tasks during a 90-min period. Participants’ perception of
time was manipulated by having them refer to clocks that were
either accurate or altered to run fast or slow. Blood glucose levels
changed in accordance with how much time they believed had
passed instead of how much time had actually passed. These results are an example of the influence psychological processes can
directly exert on the body.
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he relationship between expectations and physiological responses has received much attention in the study of the
placebo effect (1, 2), a phenomenon producing physiological
changes in the body without specific biological stimulation (3).
For example, the expectation that an activity leads to a decrease
in weight may result in an actual reduction of weight (4), and
perceptions also change physiological responses to food consumption (5). Similarly, study participants role-playing air force
pilots, a group expected to have excellent vision, had better vision than control participants (6). Despite a broad range of data
describing the influence of mental states over the body, the role
of psychological processes, especially when dealing with chronic
health conditions, has been frequently underestimated. The
connection between mind and body has received particularly
limited attention in the study of metabolic disorders, such as
diabetes.
Type 2 diabetes, the most common form of diabetes, is a
chronic disease that affects millions (7). Its symptoms include
periodic rises in blood glucose levels (BGLs) because the body
produces insufficient insulin and/or resists the effects of insulin,
leading to short-term severe shock and multiple long-term
complications including strokes, neuropathies, kidney disease,
and vision problems (8). Genetic factors appear to be a strong
biological trigger (9), and obesity seems to be a powerful environmental trigger (10).
Although recognized as relevant psychosocial elements in diabetes management, few psychological factors have been studied
for the effect they can exert on diabetic physiology. The majority
of studies concerning psychological issues and diabetes have
focused on depression, a serious comorbid condition (11), or on
the negative effect of distress on disease management (12).
Apart from studies on depression and distress, limited efforts
have been made to investigate the effect of psychological variables on blood sugar regulation. No studies to our knowledge
have investigated the potential for psychological mechanisms to
directly influence BGLs.
Glucose levels in people with type 2 diabetes follow a particular time course, but how is the course determined? Current
models suggest it is determined solely by physiological factors
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(13). There is, however, reason to believe this may not necessarily
be the case in general. We often feel hungry, for example,
when we see it is lunchtime, despite having felt sated moments
before (14).
The purpose of the present study is to investigate the hypothesis that perceived time affects BGLs. It has been reported
that the manipulation of time perception can influence the intensity of perceived pain (15), as well as emotional responses
(16). If perceived time can also influence glucose levels, the research will provide further evidence of the inextricable relationship
between mind and body. Positive findings would suggest that perceived time exerts a significant effect on the pace and rhythm of
some natural physiological processes, including BGLs.
Materials and Methods
We used flyers and local advertisements to recruit 47 volunteers who have
type 2 diabetes mellitus (≥12 mo duration; 24 women; mean age = 54.1 y, SD =
12.2 y) and who were being treated with diet and metformin, a biguanide
antidiabetic medication. At least a week before they came to the laboratory,
we sent participants a package of forms and instructions, including a brief
survey about medical history and conditions, a daily glucose diary, a glucose
fluctuation chart, and fasting instructions. The protocol was approved by
the Harvard University Institutional Review Board. Participants provided
informed consent.
Participants were instructed to record their BGLs before and after every
meal and to complete a daily blood glucose change chart for a week before
the experiment. The procedure allowed them to become more familiar with
their BGL fluctuations. To minimize potential BGL variability, we asked them
to fast for at least 8 h before they came to the laboratory for the studies,
beginning at 9:00 AM (mean fasting hours: 11 h 47 min; SD: 1 h 34 min).
When volunteers arrived at the laboratory, we explained that we were
interested in enhanced cognitive functioning among people who have type 2
diabetes. Volunteers were randomly assigned to one of three experimental
conditions: Fast, Normal, and Slow. We asked them to leave behind all devices
that indicated time (e.g., phones, tablets, watches, etc). Then we took them to
a separate laboratory room where they played three simple video games for
90 min and for approximately the same amount of time for each game.

Significance
We investigated the hypothesis that the perception of time
passing can exert a stronger influence on blood glucose level
compared with the passage of actual time in people with type
2 diabetes. Our findings suggest that manipulation of participants’ perception of time resulted in blood glucose levels
changing in accordance with how much time participants believed had passed, instead of how much time had actually
passed. These results are an important example of the influence psychological processes can directly exert on the body.
Mindsets and expectations may play an increasingly important
role in type 2 diabetes management.
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Fig. 1. Decreased amount of mean blood glucose concentration during the
time manipulation period. Error bars represent ± SE.

Participants in the Normal condition viewed a clock on the desk that indicated the actual time passing while they played video games; that is, their
clocks correctly showed that 90 min had passed by the end of the task period.
Participants in the Slow condition, however, viewed a clock rigged to run two
times slower than actual time, so that it indicated only 45 min passed by the
end of the task period. Participants in the Fast condition viewed a clock that
ran two times faster than actual time, so it indicated that 180 min had passed
by the end of the task period. Previous studies using a “false-clock” manipulation have shown this to be a reliable and effective method of distorting time perception (15).
In all cases, participants were not aware of the name or status of their
treatment group, nor of the properties of the modified clocks. Participants
were asked to switch the game they were playing every 15 min, which kept
them aware of the passage of time. We measured BGL immediately before
and after they played the games. After the intervention, we also assessed the
level of their stress and hunger. Stress was assessed with a single item asking
“Please use the sliding scale to indicate your current level of stress at this
moment,” using a slide scale rated 1–10. We used the Satiety Labeled Intensity Magnitude, a validated scale, to measure hunger (17). Finally, to
check for the success of our time manipulation, we asked participants to
guess the current time at the end of their participation.

Results
The three groups did not significantly differ on demographic
variables or on any other variable at the beginning of the study,
including fasting hours and BGL before the intervention
(P > 0.05).
To check for the success of our time manipulation, we asked
participants to guess how many minutes had passed at the end of
their participation. Participants in the Slow, Normal, and Fast
conditions guessed an average of 59.3 (SD = 19.3), 111.7 (SD = 21.1),
and 174.6 (SD = 40.4) min had passed, respectively. Fig. 1 presents
the mean change in BGL during the time manipulation period.
A mixed between-within subjects ANOVA was conducted to
assess the effect of the time manipulation on BGLs. There was a
significant effect of the time on the overall BGL [Wilks’ λ = 0.18;
F(1, 43) = 193.55; P < 0.001; ηp2 = 0.82] and a significant interaction between time and groups [Wilks’ λ = 0.64; F(2, 43) =
12.07; P < 0.000; ηp2 = 0.36]. Participants who had been watching
fast clocks showed a greater decrease in BGL (M = 23.5 mg/dL)
than those in the Normal group (M = 15.1 mg/dL), and those
with slow clocks showed a lesser decrease in BGL (M = 9.8 mg/dL)
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Discussion
We demonstrated that BGLs in people with type 2 diabetes were
affected more by subjects’ false impressions of how much time
had passed than by the actual passage of real time: Glucose level
was lower in participants who thought more time had passed
than in those who thought less time had passed. These results
support the claim that psychological processes, such as the perceived passage of time, can exert considerable influence over
natural, physiological processes.
We ruled out several competing explanations for how the
observed results might be explained by methodological artifacts
or other confounding factors. The artificial time distortion treatment itself was effective: When asked how much time they
thought had actually passed, participants in each group reported
estimates in line with the intended manipulation. The task itself
did not have any unusual effect on BGL, as participants in the
normal clock condition exhibited BGL decrease at a rate similar
to what would be expected of patients with diabetes at resting,
postfasting BGLs (18, 19).
We considered the possibility that participants who thought
they had been playing games for 3 h might have become more
stressed or agitated than those who only believed 45 or 90 min
had passed. Elevated stress, in turn, could speed rates of BGL
decrease, so this seemed a plausible alternative explanation (20).
Participants, however, reported no difference in perceived stress
levels across conditions. This gives us reasonable cause to reject
elevated stress levels as an effect mechanism. Perceived stress
and actual stress are not perfectly correlated (21), however, and
our study data do not give any insight into how physiological
reactions to stress, such as cortisol or dehydroepiandrosterone
sulfate (DHEAS) hormone changes, might mediate changes in
BGLs. This is a relevant hypothesis that merits further investigation.
We also found that perceived time influenced participants’ perceived hunger, which is highly related to sugar consumption (22).
Stress levels can also be affected by perceived hunger (23), so future
studies should address potential mediating effects of hunger-related
hormones (e.g., ghrelin, peptide tyrosine-tyrosine) on the relation
between perceived time and BGLs.
Another potential confounding factor concerns the imbalanced number of times each group switched video games. Participants switched games every 15 min, according to the clocks
they were given, so participants in the fast clock group switched
more frequently than participants in other groups. One might
propose that the increased switching in the fast clock group
might have led to greater activity and exertion, causing blood
glucose to decline more rapidly. The switching process entailed
loading up a different video game on a computer, which is not a
particularly demanding task. Even so, we controlled for this, to a
degree, by instructing participants to alert the experimenters
when it was time to change games, at which point the experimenters performed the actual switching. No actual effort was
required of participants to make the change, aside from alerting
the experimenter. It seems implausible that the effort required to
signal the experimenter at switching times could have played a
significant role in the intergroup differences observed.
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than those in the Normal group. Across all participants, the
magnitude of BGL decrease was associated with the duration of
perceived passed time (r = 0.53; P < 0.01).
Furthermore, scores from Satiety Labeled Intensity Magnitude
indicated that participants with fast clocks (M = 56.87; SD = 23.78)
reported being hungrier at the end of the study than those with
normal (M = 37.53; SD = 10.45) or slow (M = 29.4; SD = 18.11)
clocks [F(2, 43) = 9.14; P < 0.000]. Perceived stress, however, did
not vary across the groups [Fast: M = 3.0 (SD = 1.55); Normal:
M = 2.80 (SD = 2.07); Slow: M = 2.67 (SD = 1.63); F(2, 43) =
0.141; P = 0.87].

These findings may be relevant for advancing the care and
treatment of individuals suffering from diabetes. Official standards
for care and treatment of diabetes make no explicit mention of
the influence of subjective cognition on diabetic metabolism
(24), but our results indicate otherwise. Our finding that the
mind can actually adjust the body’s glucose levels suggests new
avenues for treatment and intervention. Further studies should
explore potential clinical implications and more deeply investigate the relationship between BGL and psychological variables such as cognitive styles, mindfulness, and coping strategies.
We selected participants with type 2 diabetes for a number of
reasons. First, people with diabetes represent a clinical population that stands to greatly benefit from these findings. In
particular, type 2 diabetes is the most common form of diabetes,
and so would make for easier recruitment. Moreover, the pancreas of patients with type 2 produces insulin, but the body is not
able to use it (insulin resistance); we assumed that the link between expectations and physiological responses would have been
easier to detect in people with type 2 diabetes than in those with
type 1 diabetes. People from this population often check their
glucose level, allowing an association between time and physiological parameters, creating the expectation that a certain amount
of time corresponds to a certain change in BGL. The validation of

whether the same pattern of results would emerge among people
with type 1 diabetes (or even those without diabetes), however,
would be essential steps for future models.
The perception of time’s passing, even when incorrect, seems
to generate measurable physiological change. We considered a
number of other explanations for this result, including failure of
the experimental manipulation, task-based artifacts, and elevated
stress levels, but found no support in our data for these alternatives. It is possible that some mediating factor is responsible
for the observed effect of perceived time on metabolism, but that
such a factor is not obvious to us and was not observable in our
data. We encourage future efforts to investigate mediating effects more thoroughly.
Something so abstract as the internal representation of time,
how we feel the passing of minutes, might at first seem an unlikely candidate as the driver behind basic biochemical processes.
Prior research, however, has reached similar conclusions about
the effect of cognition over a range of physiological states, including vision and weight loss (4). What, then, sets limits on the
degree to which subjective impressions can affect the workings of
the human body? At the very least, our findings suggest such
constraints are far less restrictive than convention dictates.
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