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Abstract

Objective: To describe patient preparation for routine outpatient blood work and examine the implica-
tions of surreptitious fasting on interpretation of glucose results.
Patients and Methods: We designed a survey and administered it between September 1, 2016, and April
30, 2017, to assess fasting behaviors in a convenience sample of 526 adults presenting for outpatient blood
work in 2 health systems between 7 AM and 12 PM. We reviewed the electronic health records to extract
glucose results. We describe the frequency of clinician-directed fasting and surreptitious fasting. In those
surreptitiously fasting, we describe the frequency of missed diagnoses of prediabetes and diabetes.
Results: Of 526 participants, 330 (62.7%) self-identified as fasting, and 304 (92.1%) of those fasting met
American Diabetes Association fasting criteria. Only 131 (24.9%) of those fasting were told to fast by their
health care team. Almost 50% (257 of 526) believed it was important to fast for every blood test. Of the 64
patients with diabetes who were taking insulin, 37 (57.8%) fasted and took their insulin as prescribed.
Among the 89 patients without diabetes who fasted without knowledge of their health care team and had
glucose tested, 2 (2.2%) had a missed diagnosis of diabetes and 18 (20.2%) had a missed diagnosis of
prediabetes.
Conclusion: Fasting for outpatient blood work is common, and patients frequently fast without awareness
of their health care team. Failure to capture fasting status at the time of glucose testing is a missed op-
portunity to identify undiagnosed cases of diabetes and prediabetes.
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F asting blood work is a common
component of preventive examina-
tions in outpatient medicine. Howev-

er, clinician utilization of fasting laboratory
tests and patient fasting practices are poorly
understood. Clinicians frequently instruct
patients to fast for their blood work, and pa-
tients may also fast for blood work without
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the knowledge of their clinician. Historical-
ly, patients were required to fast for 2 key
purposes: (1) to screen for, diagnose, and
monitor hyperlipidemia and (2) to screen
for and diagnose prediabetes and type 2 dia-
betes.1-3 Multiple studies have reported that
fasting has limited impact on lipid measure-
ment and prediction of cardiovascular
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risk.4-7 As a result, clinical guidelines no
longer recommend fasting for routine lipid
screening.8,9

Fasting blood glucose level remains an
important criterion-standard screening and
diagnostic test for type 2 diabetes and is one
of the few indications for fasting laboratory
tests.3 Although hemoglobin A1c (HbA1c) is a
commonly ordered screening and diagnostic
test because it does not require patients to
fast, many clinicians continue to utilize fasting
glucose level as part of their testing strategy
because fasting glucose and HbA1c identify
different groups of people with diabetes and
prediabetes.10 Additionally, concurrent mea-
surement of HbA1c and fasting glucose levels
on the same day can confirm a diagnosis of
diabetes without requiring patients to return
for follow-up testing.10,11

Laboratory protocols to assess and docu-
ment patients’ fasting state at the time of phle-
botomy are inconsistent or nonexistent, and
these data are not routinely captured in the
electronic health record (EHR). Failure to cap-
ture the fasting state of patients prohibits clini-
cians from identifying fasting glucose values
and interpreting them in accordance with dia-
betes screening guidelines. This failure may
result in missed diagnoses of type 2 diabetes
and prediabetes. Therefore, we conducted a
survey and structured medical record review
of patients presenting for routine outpatient
laboratory testing in 2 health systems to
describe utilization of fasting laboratory tests,
understand patient fasting practices, and
assess the implications of surreptitious fasting
without clinician awareness on the interpreta-
tion of glucose values and missed diagnoses of
prediabetes and type 2 diabetes.
PATIENTS AND METHODS

Study Design and Participants
We conducted a cross-sectional survey to
characterize patients’ beliefs about fasting
blood work and their preparation for routine
laboratory testing. We surveyed a convenience
sample of patients presenting to the outpatient
laboratory for routine ambulatory blood work
at a large, academic medical center and 2
community-based clinics within an integrated
safety-net health care system between
September 1, 2016, and April 30, 2017.
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English- or Spanish-speaking adults aged 18
years or older presenting to the outpatient lab-
oratory for routine blood work between 7:00
AM and 12:00 PM were eligible for participation.
At the time of this study, the outpatient labo-
ratories included in the study did not have
standardized protocols to assess and docu-
ment patients’ fasting states in the EHR.

Survey Design and Administration
Potential survey items were generated and
drafted following literature review and stake-
holder engagement with patients, laboratory
staff, clinical staff, and clinicians. Patient and
clinical stakeholders reviewed candidate ques-
tions for content and clarity. The final survey
(Supplemental Appendix 1, available online
at http://www.www.mcpiqojournal.org)
included 11 questions assessing 3 key do-
mains: (1) patient preparation for laboratory
work, (2) instructions given for laboratory
testing, and (3) understanding and perceived
importance of fasting. The survey was trans-
lated into Spanish by a bilingual research assis-
tant and pilot tested with native Spanish
speakers prior to use.

Research assistants approached patients in
the laboratory waiting area to assess eligibility
and obtain consent for surveys and medical re-
cord reviews. All surveys were orally adminis-
tered in the patients’ preferred language
(English or Spanish) by a language-
concordant research assistant. Following sur-
vey completion, we reviewed each participants
EHR data 72 hours after completion of the lab-
oratory visit. We extracted patient demo-
graphic characteristics and comorbidities,
documentation of fasting instructions in the
30 days prior to the laboratory visit, and labo-
ratory results (glucose, HbA1c, and lipid levels)
from the day of the survey and laboratory visit.
Fasting instructions were extracted from tele-
phone encounters, patient portal messages,
the physician progress notes, after-visit sum-
maries, and patient instructions. All survey re-
sponses and extracted EHR data were entered
into REDCap (Research Electronic Data Cap-
ture), a secure Web application for survey
and data management.12

Statistical Analyses
We describe patient demographic characteris-
tics, comorbidities, and fasting practices
;4(4):349-356 n https://doi.org/10.1016/j.mayocpiqo.2020.04.002
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according to patient-reported fasting states us-
ing c2 test, Fisher exact test, and t test as
appropriate. Participants responding “yes” to
the question, “Did you fast for your blood
test today?” were considered fasting. We cate-
gorized patients as meeting the American Dia-
betes Association’s (ADA) criterion-standard
fasting definition if they reported nothing to
eat or drink except water for at least 8 hours
prior to laboratory testing.13

We performed 2 subgroup analyses. First,
we describe the frequency of fasting and hypo-
glycemia (glucose level, <70 mg/dL; to
convert values to mmol/L, multiple by
0.0555) among patients with diagnosed dia-
betes (type 1 and type 2 diabetes). Diabetes
and prediabetes were defined using patient-
reported data on the survey questionnaire.
Second, in patients without diagnosed dysgly-
cemia (diabetes and prediabetes), we describe
the frequency of missed dysglycemia using
fasting blood glucose criteria (fasting blood
glucose, �100 mg/dL) in patients who met
ADA fasting criteria but were not instructed
to fast by their clinician. All participants pro-
vided informed consent, and no incentives
were provided. Data were analyzed using Stata
statistical software, version 12 (StataCorp).
This study was approved by the University
of Texas Southwestern Medical Center Institu-
tional Review Board.

RESULTS
Of the 958 patients invited to participate dur-
ing the study period, a total of 526 completed
the survey, for a response rate of 54.9%. Most
of the surveys were completed before 10 AM
(371 of 526; 70.6%), at the academic center
(407; 77.4%), and in English (471; 89.7%).
On average, participants were 51 years old
and had a body mass index (calculated as
weight in kilograms divided by height in me-
ters squared) of 30.1 kg/m2. Of the 526 partic-
ipants, 342 (65.1%) were female, 229 (43.5%)
were non-Hispanic white, 127 (24.1%) were
Hispanic, and 100 (19.0%) were black. Com-
mon comorbidities included hypertension
(235 [44.7%]), hyperlipidemia (188
[35.7%]), previously diagnosed diabetes (132
[25.1%]), and history of myocardial infarction
(39 [7.4%]) (Table 1).

Overall, 330 of the 526 patients (62.7%)
reported fasting at the time of their blood
Mayo Clin Proc Inn Qual Out n August 2020;4(4):349-356 n https:/
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draw. Almost all of the 330 participants who
self-reported fasting (304 [92.1%]) met the
criterion-standard ADA fasting criteria of
nothing to eat or drink except water for at least
8 hours before testing.13 Overall, participants
who reported they were fasting were similar
to those who were not fasting. However, those
who were fasting had a higher body mass in-
dex, were more likely to have hyperlipidemia,
and were significantly more likely to have
cholesterol (P<.005), glucose (P¼.01), and
HbA1c (P¼.001) testing on the day of the sur-
vey (Table 1).

Nearly half of all participants (257 of 526
[48.9%]) believed that it was important to
fast for every blood test regardless of whether
or not they received instructions to fast from
their health care team, and these patients
were more likely to self-report fasting for lab-
oratory tests on the day of the survey
(P<.001). The criterion-standard ADA fasting
definition used in this study has 2 compo-
nents: (1) what patients reported eating or
drinking and (2) how long they went without
intake. Patient-defined fasting criteria almost
universally excluded food and beverages
with cream or sugar. Nearly half accurately
defined fasting intake as “water only.” How-
ever, 221 (42.0%) believed that fasting meant
that they were not allowed to have anything
to eat or drink, including water. For the
duration of fasting, the most common defini-
tions were at least 8 hours or after midnight
(Table 2).

Although 330 (62.7%) of the 526 partici-
pants in our survey self-reported fasting,
only 131 (24.9%) were told to fast by their
health care team. Of the 131 who were told
to fast, only 84 (64.1%) reported receiving
specific instructions for fasting, and only 14
(11.3%) had documentation of fasting instruc-
tions in the EHR recorded between their most
recent clinic visit and the date of the labora-
tory visit. When fasting instructions were
documented, all were instructed to avoid
food intake for at least 8 hours or after
midnight. Drinking instructions varied from
water only, black coffee or tea, or nothing to
drink. We found no documentation of instruc-
tions regarding medication administration
while fasting.

Of the 132 patients with diagnosed dia-
betes, 78 (59.1%) were prescribed an oral
/doi.org/10.1016/j.mayocpiqo.2020.04.002 351

https://doi.org/10.1016/j.mayocpiqo.2020.04.002
http://www.mcpiqojournal.org


TABLE 1. Patient Characteristics According to Self-Reported Fasting State at the Time of Routine Outpatient Blood Worka,b

Variable Total population (N¼526) Fasting (n¼330) Not fasting (n¼196) P value

Age (y) 51.0�16 51.3�15 50.4�17 .56

BMI (kg/m2) (N¼501) 30.1�7.4 30.7�7.4 29.2�7.4 .028

Female 342 (65.1) 208 (60.8) 134 (39.2) .23

Race/ethnicity .06
Non-Hispanic white 229 (43.5) 132 (40.0) 97 (49.5)
Hispanic white 127 (24.1) 92 (27.9) 35 (17.9)
Black 100 (19.0) 60 (18.2) 40 (20.4)
Asian 16 (3.0) 12 (3.6) 4 (2.0)
Other/unknown 54 (10.3) 34 (10.3) 20 (10.2)

Prediabetes 25 (4.8) 17 (5.2) 8 (4.1) .58

Diagnosis of hypertension 235 (44.7) 149 (45.2) 86 (43.9) .78

Diagnosis of hyperlipidemia 188 (35.7) 129 (39.1) 59 (30.1) .04

History of MI 39 (7.4) 22 (6.7) 17 (8.7) .28

History of heart failure 57 (10.8) 36 (10.9) 21 (10.7) .37

History of CVA 22 (4.2) 14 (4.2) 8 (4.1) .41

FH diabetes 227 (43.2) 147 (44.4) 81 (41.3) .56

Diagnosed DMc 132 (25.1) 85 (25.8) 47 (24.0) .57

Use of insulind 255 (48.5) 144 (43.5) 113 (57.5) .13

Use of oral hypoglycemicsd 311 (59.1) 214 (64.7) 96 (48.9) .08

Use of statins 182 (34.6) 114 (34.6) 68 (34.7) .97

Lipids checked on day of survey 216 (41.1) 173 (52.4) 43 (21.9) <.005

Glucose checked on day of survey 330 (62.7) 221 (67.0) 109 (55.6) .01

HbA1c checked on day of survey 160 (30.4) 118 (35.8) 42 (21.4) .001

aBMI ¼ body mass index; CVA ¼ cerebrovascular accident; DM ¼ diabetes mellitus; FH ¼ family history; HbA1c ¼ hemoglobin A1c; MI ¼ myocardial infarction.
bData are presented as mean � SD or No. (percentage) of participants.
cSelf-reported diabetes diagnosis.
dDenominator ¼132 patients with diabetes.
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diabetes medication and 64 (48.5%) were pre-
scribed insulin. Of the 78 taking oral diabetes
medications, 63 (81.4%) reported taking their
medications as prescribed in the preceding 24
hours and 56 (71.8%) were fasting at the time
of the blood draw. Of the 64 patients taking
insulin, 59 (91.5%) reported taking their insu-
lin as prescribed in the preceding 24 hours
and 37 (57.8%) were fasting at the time of
their blood draw. Nearly 30% (19) of partici-
pants taking insulin had a concurrent lipid
panel and were told to fast by their health
care team. The frequency of hypoglycemia
(glucose <70 mg/dL) in patients with diag-
nosed diabetes was low (n¼2).

Among the 228 patients without previ-
ously diagnosed prediabetes or diabetes who
had glucose tested, most satisfied the ADA
fasting definition (Figure). Of the 181 patients
Mayo Clin Proc Inn Qual Out n August 2020
who met the ADA criterion-standard fasting
definition, the overall yield of fasting glucose
was 9 (5.0%) for diabetes and 51 (28.2%)
for prediabetes. Of these 181 patients, 89
(49.2%) fasted without being told to do so
by their health care team. These tests represent
missed criterion-standard diabetes screening
tests that went unrecognized because the
health care team was not aware that the patient
was fasting. Interpreting the test results of
these 89 patients who fasted without aware-
ness of their health care team according to
ADA glucose fasting criteria, 2 (2.2%) had a
missed diagnosis of diabetes (fasting blood
glucose �126 mg/dL) and 18 (20.2%) had
prediabetes (fasting blood glucose, 100-125
mg/dL). None of these patients had an
HbA1c or oral glucose tolerance test on the
same day as the fasting glucose test.
;4(4):349-356 n https://doi.org/10.1016/j.mayocpiqo.2020.04.002
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TABLE 2. Patient Beliefs About Fasting According to Self-Reported Fasting Statusa

Patient beliefs
Total population, No. (%)

(N¼526)
Fasting, No. (%)

(n¼330)
Not fasting, No. (%)

(n¼196)

Fasting important for every blood
test

257 (48.9) 160 (62.4) 97 (37.6)

Intake allowed while fasting
Nothing to eat or drink 221 (42.0) 132 (40.0) 89 (45.6)
Water only 250 (47.5) 160 (48.5) 90 (45.9)
Black coffee or tea 50 (9.5) 33 (10.0) 15 (7.5)
Coffee or tea with cream/sugar 5 (0.9) 3 (0.9) 0 (0)
Eating allowed 1 (0.1) 2 (0.6) 2 (1.0)

Time required for fasting (h)
0-3 23 (4.4) 8 (2.5) 20 (10.4)
4-8 22 (4.2) 11 (3.4) 13 (6.6)
>8 258 (49.1) 175 (53.1) 72 (36.8)
After midnight 222 (42.3) 135 (41.0) 91 (46.2)

PATIENT BELIEFS AND BEHAVIORS ABOUT FASTING LABORATORY TESTS
DISCUSSION
In this cross-sectional survey of patients present-
ing for routine outpatient laboratory testing, we
found that over 60% of patients fasted for blood
work despite infrequently receiving fasting in-
structions from their health care team. Nearly
all patients who reported fasting met the ADA
fasting definition, suggesting that improved pro-
cesses to capture and indicate fasting status for
routine laboratory testing could improve inter-
pretation of glucose values and identification
of prediabetes and type 2 diabetes in clinical
0-3 hours 4-8 hours
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practice. Standardized patient instructions for
fasting laboratory testsdincluding instructions
for medication administration and water
intakedare needed to improve patient safety
and acceptability of fasting. Partnership with
laboratory personnel to establish clear protocols
for fasting assessment and documentation are
needed to allow accurate interpretation of
glucose values and decrease missed diagnoses
of prediabetes and diabetes.

Despite rarely receiving instructions from
their health care team, patients frequently
>8 hours*

 Association recommendations

e

After midnight*

Diagnostic
threshold for
diabetes
(fasting glucose
126 mg/dL)

Diagnostic
threshold for
prediabetes
(fasting glucose
100 mg/dL)

time in patients without diagnosed diabetes or
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fast for laboratory work on their own accord
because they perceive that it is important.
This issue may reflect a legacy effect from
the era when patients were routinely told to
fast for lipid testing. Over 40% of patients
defined fasting according to the common pro-
cedural or surgical instructions of nothing to
eat or drink after midnight. Overall, patient
understanding of the duration of fasting is
high, although nearly half believed that fasting
meant nothing to eat or drink at alldincluding
water. The lack of guidance from the health
care team helps perpetuate patient misconcep-
tions of fasting, resulting in care that is not
patient centered and unnecessarily inconve-
niences patients.

Patients who fast without instructions
from their health care team have the potential
for medication-related adverse health events.
Among those with diagnosed type 2 diabetes,
we found that over 90% taking insulin and
over 80% taking oral hypoglycemics took
their medications as prescribed on the day
of their labwork, and 58% of those taking in-
sulin and 72% of those taking oral hypogly-
cemics reported fasting. Although we only
found 2 cases of hypoglycemia on medical re-
cord review, as many as 25% of patients with
diabetes report hypoglycemic events while
preparing for fasting blood work.14,15 In our
study, laboratory personnel reported frequent
hypoglycemic events requiring treatment
while patients were waiting for phlebotomy,
which may contribute to the low rate of hy-
poglycemia observed in our study. Such
events can be easily avoided in patients with
diagnosed diabetes because they have no clear
indication to fast since nonfasting lipid levels
are suitable for clinical decision making.4,7,9

Thus, for patients with diagnosed diabetes,
fasting is a high-risk practice with no clinical
indication or benefit.

In patients without diagnosed diabetes or
prediabetes, surreptitious fasting without
clinician awareness contributes to missed op-
portunities to diagnose prediabetes and type
2 diabetes. Most patients who fasted in our
study satisfied the ADA fasting criteria.
Thus, their glucose measurements were true
fasting glucose values and diabetes screening
tests even though this information was not
collected by the laboratory team or indicated
in the EHR with the laboratory result.
Mayo Clin Proc Inn Qual Out n August 2020
Therefore, unless physicians in this study spe-
cifically contacted patients after laboratory
testing to inquire about fasting status at the
time of testing, they would be unaware that
glucose values were true fasting glucose
values and assume patients were not fasting.
Improved detection of undiagnosed diabetes
and prediabetes is necessary for adequate
population health management because 25%
of US adults with diabetes and 90% with pre-
diabetes have yet to be diagnosed.16 Among
patients in our study without diagnosed dia-
betes who had glucose measured, 2.2% had
a missed diagnosis of diabetes, which is
similar to the overall prevalence of undiag-
nosed diabetes in the United States.17 An
additional 20.2% had a missed diagnosis of
prediabetes, which is similar to reported rates
of undiagnosed prediabetes in clinical prac-
tice.18 The 22.4% overall diagnostic error
rate for glycemic abnormalities in our study
is much higher than the 5% diagnostic error
rate reported for colorectal and lung cancer
screening.19 Clinical consequences associated
with diagnostic errors for prediabetes and
type 2 diabetes include missed opportunities
for counseling on lifestyle modification and
diabetes prevention interventions for those
with prediabetes and a delay in diabetes treat-
ment and screening for diabetes-related com-
plications. The failure to capture fasting status
at the time of glucose testing also limits the
ability of clinical researchers and population
health teams to accurately identify patients
with prediabetes for diabetes surveillance
and targeting preventive interventions.

Development of standardized patient in-
structions for patients when fasting is clearly
indicated, and deemphasizing fasting blood
work to patients when it is not indicated
can improve the patient centeredness of
routine laboratory testing. When fasting is
indicated, instructions should clearly define
a time period and emphasize that water
intake is allowed. Additionally, the instruc-
tions should recommend that most medica-
tions, with the exception of insulin and oral
hypoglycemics, should be taken as pre-
scribed. By avoiding fasting laboratory tests
when not clearly indicated, clinicians help
reduce the risk of hypoglycemia in patients
with diagnosed diabetes and can increase pa-
tient flexibility and convenience for
;4(4):349-356 n https://doi.org/10.1016/j.mayocpiqo.2020.04.002
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laboratory testing. Development of laboratory
protocols to routinely assess fasting status
and documentation in the EHR are needed
to allow clinicians to accurately interpret
glucose values on routine testing. Given the
high frequency of surreptitious patient fast-
ing, assessing the fasting state of all patients
with a single yes/no question such as,
“Have you had anything to eat or drink be-
sides water in the past 8 hours?” is preferable
to the use of fasting orders in the EHR that
identify fasting laboratory tests. Fasting or-
ders capture the intent of the order but not
the patient’s fasting state unless laboratory
personnel routinely assess and document it
in the EHR.

Our study has several strengths, including
surveying patients in 2 different health systems
and review of the EHR for fasting instructions
and laboratory results. However, our study is
not without limitations. First, we required
documentation of fasting instructions, which
likely underestimates the frequency of instruc-
tions provided to patients in clinical settings.
However, by asking patients if they received
fasting instructions from their health care
team, we captured the actual patient receipt
and retention of instructions, which is more
important than providing instructions in verbal
or written format. Second, our findings likely
underestimate the frequency of hypoglycemia
because symptomatic patients may have been
treated for hypoglycemic episodes prior to phle-
botomy. Lastly, our study may overestimate the
rate of missed diagnoses of prediabetes and dia-
betes because we did not interview physicians
about their interpretation of the test results or
conduct a medical record review of future clinic
visits to capture subsequent diagnoses.

CONCLUSION
Patients commonly fast for routine blood work
without receiving instructions to do so from
their health care team, and many fast accord-
ing to recommended ADA fasting instructions
for diabetes screening. However, clinician un-
awareness of patient fasting and lack of stan-
dardized clinic and laboratory processes to
assess and document fasting practices
contribute to diagnostic errors in interpreting
glucose values. These factors result in substan-
tial rates of missed diagnoses of diabetes and
prediabetes. Development of standardized
Mayo Clin Proc Inn Qual Out n August 2020;4(4):349-356 n https:/
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fasting instructions and laboratory protocols
for assessment and documentation of fasting
practices are needed to improve the patient
experience and minimize errors. Furthermore,
we propose that clinicians deemphasize the
need for fasting blood work unless it is clini-
cally indicated and the documentation of fast-
ing behaviors are available to allow accurate
interpretation of test results.
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