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ABSTRACT 

Background: A recent study reported that some patients with diabetes who fast overnight for laboratory tests are at risk 
of developing hypoglycemia, which could occur while patients are in risky situations which could result in harm to pa- 
tients or others. Due to limitation in study design of the aforementioned study, the causes of hypoglycemia could not be 
elucidated. Objective: To better understand fasting-evoked en route hypoglycemia in diabetes (FEEHD), a recently 
recognized overlooked safety problem in diabetes management. Methods and Patients: A recent study reported that 
some patients with diabetes who fast overnight for laboratory tests are at risk of developing hypoglycemia, which could 
occur while patients are in risky situations which could result in harm to patients or others. Due to limitation in study 
design of the aforementioned study, the causes of hypoglycemia could not be elucidated. We undertook this retrospec- 
tive case series study, which enrolled 4 consecutive cases of fasting hypoglycemia in patients with diabetes who were 
on diverse antidiabetic medications. The study duration was June 1, 2010 to June 1, 2012. Results: The 4 cases (3 
women, 1 man), with either type 1 or type 2 diabetes, revealed multiple defects in either the patients’ knowledge and 
education regarding preparation for lab tests requiring fasting. The degree of hypoglycemia ranged from mild (65 mg/dl) 
to severe (31 mg/dl), and the events were either mildly symptomatic or asymptomatic. The possible causes of, and con- 
tributing factors to hypoglycemia are discussed, and recommendations for preventive measures are provided. Conclu- 
sion: Some patients with diabetes who fast for lab tests are at risk of hypoglycemia, and there seems to be an overall 
lack of proper education of patients with diabetes about this form of hypoglycemia. This overlooked problem can be 
prevented by proper education and preparation. 
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1. Introduction 

Hypoglycemia is the major limiting factor towards achiev- 
ing optimal control of hyperglycemia in patients with 
diabetes, which accounts for significant mortality and 
morbidity [1]. Recent literature [2-5] has uncovered an 
overlooked cause of iatrogenic hypoglycemia in patients 
with diabetes, which is overnight fasting for laboratory 
tests, which we will refer to as fasting-evoked en route 
hypoglycemia in diabetes (FEEHD). A fatal case report 
of FEEHD has been recently published [2,3]. 

In the first case report on FEEHD, retrieved upon an 
extensive literature search, Wiwanitkit described a fatal 
case of hypoglycemia in a patient who was taking sul- 
fonylurea. However, this case report was briefly men- 
tioned in 2 letters [2,3] and did not provide detailed de- 
scription, other than that the patient was waiting in the 

laboratory for a lab test, while fasting, when she had a 
sudden cardiac arrest, and could not be resuscitated, and 
that the cause of death was severe hypoglycemia, with 
blood glucose of 0 (zero) mg/dl. 

In the only study published to address FEEHD, Al- 
dasouqi et al. [4] reported that some of their patients with 
both type 1 (T1DM) and type 2 diabetes (T2DM) devel- 
oped hypoglycemia when they fasted overnight for labo- 
ratory tests. In that study, the authors reported that the 
hypoglycemia observed was variable in symptoms and in 
severity, with glucose as low as 31 mg/dl in one incident. 
The impetus for the study [4] was that such patients would 
be at risk of harm (to themselves or to others) should 
their hypoglycemia rapidly progress while driving en route, 
to and from the laboratory facilities. 

However, due to limitations in the design of the afore- 
mentioned retrospective pilot study (related to reliance 
on patients’ remote recollection), the authors could not *Corresponding author. 
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evaluate the circumstances or etiologies contributing to 
the reported hypoglycemic incidents. The authors re- 
ported new preventive measures that they implemented 
in their practice [4]. In a follow up study recently pre- 
sented at a national endocrinology annual meeting in the 
USA [5], the same authors reported significant reduction 
of FEEHD, which they attributed to increased awareness 
of the problem and the implementation of the prevention 
program. 

Becoming aware of the aforementioned new observa- 
tion, and in a different clinical setting (the Sparrow Dia- 
betes Center (SDC) of Sparrow Hospital, Lansing, Michi- 
gan, affiliated with Michigan State University (MSU), 
East Lansing, Michigan, USA), we developed similar 
preventive measures. This preventive program was im- 
plemented after undertaking an internal quality improve- 
ment audit, which confirmed the occurrence of FEEHD 
in patients attending the SDC and MSU endocrinology 
clinics (unpublished data). At the same time, we began to 
carefully evaluate any subsequent incidental cases of 
FEEHD. Given this advantage of capturing such events 
upon occurrence, we were able to accurately document 
the cases with recording of all possible related circum- 
stances that could contribute to this form of hypoglyce- 
mia. Furthermore, we were also able to provide immedi- 
ate evaluation and management of such case upon occur- 
rence.  

In this case series, we describe 4 cases of FEEHD that 
were captured recently, where it was feasible to obtain 
detailed case description. This retrospective case series 
study was not designed to evaluate the prevalence or 
frequency of FEEHD. The study was approved by the 
Institutional Review Boards of MSU and Sparrow Hos- 
pital. The study duration was June 1, 2010 to June 1, 
2012. 

2. Case Presentations 

In this report, we describe the demographical, clinical 
and laboratory findings of 4 consecutive cases, recently 
encountered at our diabetes and endocrine clinics. In this 
case study, we were able to evaluate the cases more pre- 
cisely, given recent event occurrence (3 cases) and/or pa- 
tients’ vivid recollection of the hypoglycemic incidents 
(1 case).  

The 4 cases of hypoglycemia reported herein were care- 
fully analyzed, in regards to the circumstances surround- 
ing the hypoglycemic episodes that were confirmed by 
the laboratory. The patients were able to give details 
about the hypoglycemic events. The cases are described 
in in Tables 1 and 2. All the lab tests were obtained in 
the morning after overnight fasting, and the original or- 
der was for lipid profile, or other lab orders including 
chemistry. The following is further analysis of the cases, 
in respect to the hypoglycemic episodes: 

Case 1:  
This patient had new onset T1DM. She was obviously 

insulin sensitive (thin, active), with frequent hypoglyce- 
mic episodes on the regimen, since her discharge, about 3 
weeks prior to her office visit. She was referred to our 
diabetes clinic after a recent hospitalization, and was on 
Glargine 20 units at night, and Aspart pre-meal 3 - 4  
units. In view of the hypoglycemic episodes, her Glargine 
and Aspart doses were empirically reduced to 12 and 2, 
respectively, with adjustment of pre-meal insulin accord- 
ing to meals and correction requirements, and she was 
instructed about detection and treatment of hypoglycemia. 
She also received full diabetes education during the con- 
sultation office visit, but this did not include instructions 
about fasting labs, although a fasting lab order was is- 
sued and given to her upon discharge from the clinic. The 
12-hours overnight fasting was for the purpose of a lipid 
test. 

She went for the lab a week later. She took the night 
dose of Glargine, but she did not take the short-acting 
insulin since she knew she should not take it without eat- 
ing on the morning of the test… On the day of the test, 
her fasting blood sugar (FBS) was 78 mg/dl (6:30 AM), 
before she left to the lab and she was feeling well, and 
thus she thought she would be safe to drive to the lab. 
Later, and while she was in the lab, she had hypoglyce- 
mic symptoms. Soon afterwards, she managed to drive to 
a nearby restaurant and had a breakfast, after which she 
felt better. 

Case 2: 
This woman with T2DM was referred for a thyroid 

problem. During her office visit, the hypoglycemic result 
was noted on her forwarded lab tests (from 2 weeks 
prior). This was further evaluated, and it was noted that 
she was on Glyburide, which she usually took in the eve-
ning, and also did so before the lab test. The patient 
stated she was not told previously to take the Glyburide 
in the morning. 

Case 3:  
Despite a 33-year history of T2DM, this retired, edu- 

cated man stated that he had never been educated on the 
concept of skipping insulin in the morning, when fasting 
overnight for lab tests. This represents a clear gap in dia- 
betes education, although he reported attending classes 
over the years, and considered himself well-educated in 
diabetes self-management. Obviously, he was completely 
asymptomatic despite the severe degree of his hypogly- 
cemia (31 mg/dl). From prior similar hypoglycemic lab 
reports (that he and his health providers had been aware 
of) over the years, he has learned to carry snacks in the 
car, so he will eat immediately after the lab draws.  

Case 4:  
This patient with T2DM of long-duration was not 

asked to fast for the morning blood tests, but she volun-  
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Table 1. Demographical and clinical data of patients who fasted overnight in preparation for laboratory tests. 

Case # 1 2 3 4 

Age (years) 35 73 68 65 

Gender Female Female Male Female 

Type of diabetes 1 (on insulin) 2 (OHAs, no insulin) 2 (Insulin requiring) 2 (Insulin requiring) 

Duration of diabetes New onset >10 years 33 years 31 years 

Glycohemoglobin A1c 6.7% 6.4% 7.6% 10.3% 

Impaired kidney or liver 
function, or contributing 

clinical disorders 
No No No No 

Anti-diabetic medications 
Glargine, Insulin 

Aspart 
Glyburide, metfromin, 

Detemir, humilin R  
metformin, 

Glargine, insulin lispro, 
metformin 

Other medications None 

Simvastatin, chlorthallidone, 
losartan, montelukast,  

levothyroxine,  
fluticasone-salmeterol,  

zolpidem, albuterol,  
clonidine, amlodipine, prazosin 

Fosinopril, metformin, 
hydrochlorothiazide, 
diltiazem, ezetimibe 

Simvastatin, aspirin, 
ezetimibe, enalapril,  
hydrocholorothiazide 

 
Table 2. Description of the hypoglycemic events in patients who fasted overnight in preparation for laboratory tests. 

Case # 1 2 3 4 

Glucose (mg/dl) 61 65 31 48 

Time of test 8:05 AM 10:00 AM 9:05 AM 8:21 AM 

Hypoglycemic  
symptoms 

Extreme hunger, 
anxiety, shakes, 

headache 

No symptoms (mild  
hypoglycemia, long  
duration of diabetes) 

No symptoms (long duration 
of diabetes with obvious  

hypoglycemia unawareness) 

No symptoms (long  
duration of diabetes with 
obvious hypoglycemia 

unawareness) 

Consciousness Maintained Maintained Maintained Maintained 

Factors contributing to 
hypoglycemia during 

fasting beyond  
breakfast time 

Insulin sensitivity, 
new onset diabetes 

with inadequate  
education 

Taking long-acting  
sulfonylurea, dosing of  
sulfonylurea in the PM 

Inadequate education about 
holding insulin when fasting, 

which patient said he had 
always done when going for 

fasting labs 

Interestingly, the patient 
was not asked to fast, but 
volunteered to fast, given 

prior lab experiences 

Safety concerns 

Patient was driving to 
the lab herself, and 

rushed to a restaurant 
to eat 

Patient was driving to the lab 
herself, and since  

asymptomatic she ate  
breakfast after leaving the lab

Patient was driving; patient ate 
snack that he usually keeps in 

his car, immediately after 
leaving the lab 

The patient was driving, 
and felt no symptoms. 
She ate after the blood 

draw, and was not aware 
of the low glucose 

Education about  
fasting for lab tests 

Not provided before 
the lab test, but  

afterwards: No more 
fasting labs (lipid 

profile normal), and if 
needed, to order 

non-fasting, non-HDL 
lipid formula; to 

monitor glucose on 
the day of test 

Not provided before the lab 
test, but afterwards: change 

sulfonylurea dosing to  
morning, and to switch to a 

non-long-acting sulfonylurea; 
to monitor glucose before 

and during the lab test 

Not provided before the lab 
test, but afterwards: To avoid 

taking insulin when fasting for 
labs; to minimize ordering 

fasting labs; to monitor  
glucose before and during the 

lab test 

Not provided before the 
lab test, but afterwards: 

She was instructed never 
to fast unless ordered; and 

if so, to contact the 
 diabetes center for 

medications adjustment 

 
teered to do so based on prior experiences with lab tests— 
although the labs ordered this time did not require fasting. 
She was taking Metformin 1000 mg twice daily, Glargine 
64 units in the AM and 54 units in the PM, and Lispro 
10-14 units before meals. She took the full dose of 
Glargine the night before the test, as well as the PM 

doses of Metformin and Lispro. 
Cases 1 - 4:  
Upon recognition of the hypoglycemic events, each 

patient was educated and instructed individually regard- 
ing proper preparation for fasting labs when deemed ne- 
cessary. Instructions were based on recommendations by 
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Aldasouqi et al. [4]. Proposed recommendations are sum- 
marized below: 

1) If possible, patients should avoid fasting for labora-
tory tests, such as testing non-fasting lipids (such as 
non-HDL cholesterol), rather than fasting lipid profile. 

2) If fasting is unavoidable: 
a. Patients should test sugars more often upon awak-

ening, and during the trip to the lab, if needed. 
b. Patients to cancel the lab test if the sugar drops, or if 

too high to require treatment especially in patients with 
T1DM. 

c. Patients to carry sugar tablets with them in case of 
hypoglycemia. 

d. Patients should not drive while fasting, but to bring 
a companion who can manage hypoglycemia. 

e. To avoid all types of insulin in the AM while fast-
ing: This may be a problem in T1DM taking AM basal 
insulin, due to concerns about hyperglycemic crisis. In- 
dividualization is advisable. Short-acting insulin certainly 
should be skipped. 

f. Patients should cut the night dose of basal insulin 
by 10% - 30%. This should also be individualized. 

g. Similarly insulin pump basal rate should be reduced 
by 10% - 30% during the fasting period. This should also 
be individualized. 

PM doses of Sulfonylureas should be held the night 
before, and certainly AM doses should be deferred on the 
morning of the lab test until fasting is completed. 

3. Discussion 

This study has uniquely captured a series of 4 cases that 
encompass a diverse range of demographic and clinical 
circumstances which could cover most possible factors 
potentially related to hypoglycemia in diabetes: Age, 
gender, medications, co-morbidities, hypoglycemia un- 
awareness, and other factors related to diabetes education 
(or lack thereof) by patients or healthcare professionals. 
The common denominator is the overnight fasting. While 
hypoglycemia of diabetes is a well-described topic in the 
medical literature, this form of hypoglycemia, FEEHD, 
that we have recently recognized [4,5] has not been ad-
dressed prior. While it could be argued that patients with 
diabetes may ultimately have hypoglycemia whether or 
not they fast for lab tests, the main concern about the 
potential seriousness of FEEHD is that patients may be at 
higher risks than other forms of hypoglycemia, as ex- 
plained below. 

The prevalence or seriousness of FEEHD is not known. 
Despite the paucity of relevant literature, a fatal case has 
been documented in the literature, as recently reported by 
Wiwanitkit [2,3]. However, more literature about diabe- 
tes-associated hypoglycemia (in general) is emerging, 
which is concerning. A recent national survey of 2530 

participants [6] has indicated that many patients with 
diabetes remained uneducated about the risks of hypo- 
glycemia. The survey highlighted why hypoglycemia may 
be a more serious health hazard than previously reported, 
as patients indicated they often had hypoglycemia while 
working or driving. We believe that FEEHD is a strik- 
ingly overlooked problem, overall, and that patients with 
diabetes are not properly educated about it. Patients with 
diabetes may undergo fasting for various purposes, and 
guidelines are available in the literature for such pur- 
poses, such as overnight fasting for surgical and diagnos- 
tic procedures [7-9], and fasting for the purpose of reli- 
gious observance [10,11].  

Such guidelines addressing FEEHD are lacking in the 
medical literature on diabetes and diabetes education. It 
is prudent to include this education piece in discussions 
with patients with diabetes, by their clinicians, nurses, 
educators, and pharmacists. Stemming from lack of aware- 
ness about FEEHD, it is customary for clinicians to “rou-
tinely” order lipid profiles with an average of 8 - 12 hours 
of fasting, without giving patients instructions regarding 
glucose monitoring or adjustment of anti-diabetic medi- 
cations, in anticipation of fasting. 

The unique situation about FEEHD as compared to 
other scenarios of hypoglycemia is that patients may de- 
velop serious hypoglycemia while en route to lab facili- 
ties, either going into the facility, or rushing out to have a 
meal after phlebotomy. To practice adherence, the pa- 
tients may feel obliged to continue fasting, even if they 
feel symptoms—since they were given a (strict) order for 
fasting. Case 4 in this series illustrates such extreme ad- 
herence to fasting, which goes beyond labs traditionally 
requiring fasting (e.g., lipid profiles) to labs not requiring 
fasting (chemistry), and even without being asked to fast. 
If patients have hypoglycemia unawareness, or if the 
phlebotomy is delayed further, due to patients’ or facil- 
ity’s reasons, the risk of hypoglycemia will be higher and 
the resulting harm more significant. It can be conceived 
that the risk of hypoglycemia when fasting for lab tests 
could be worse than fasting for surgical or diagnostic 
procedures. 

The reason why we believe that FEEHD is potentially 
worse than the other known fasting circumstances (e.g. 
surgery) is that patients are presumably educated on proper 
preparation, and would be presumably well-monitored 
during surgery. In contrast, patients who develop FEEHD 
could be in hazardous environmental circumstances. This 
scenario is potentially serious. If hypoglycemia is severe 
while patients are driving en-route to and from lab facili- 
ties, this can result in harm to the patient or others if it 
causes traffic accidents [6,7]. 

People without diabetes can tolerate prolonged periods 
of fasting without hypoglycemia [10-16], provided they 
have normal physiological homeostasis. During fasting, 
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the body goes into 3 metabolic phases [15]: post-absorb- 
tive, gluconeogenic and protein conserving. For people to 
tolerate fasting, beyond the usual 8 hours of overnight 
sleep, the body’s ability to withstand prolonged fasting 
requires basic physiological defensive mechanisms (bar- 
riers) that should protect the body against hypoglycemia, 
which include gradual reduction in insulin levels towards 
the nadir, and variable increases in glucagon, epinephrine, 
cortisol and growth hormone [15-17]. These protective 
counter-regulatory mechanisms can be impaired in sig- 
nificant numbers of patients with diabetes, especially in 
patients with advanced or complicated diabetes [15,17]. 
With continued insulin availability (native, via insulin se- 
cretagouges or exogenous), the continued physiologic 
insulin action will prevent optimal glucose release from 
the liver. All of this coupled with waning hepatic glycol- 
gen stores upon prolonged fasting (12 hours or more), the 
risk of hypoglycemia is heightened in certain patients 
with diabetes upon fasting. 

Since the issue of FEEHD has not been addressed in 
the literature, we evaluated in this case series the circum- 
stances that could (hypothetically) contribute to hypo- 
glycemia in our patients, which accentuated the effect of 
skipping their breakfast. It has been noted that the de- 
velopment of hypoglycemia is almost inevitable in any 
patient with diabetes who is on treatment, at one point. In 
this regard, Fowler used an interesting phrase to under- 
score this observation [17], by stating that “Hypoglyce- 
mia in many ways is the Achilles heel of diabetes treat- 
ment”. Any anti-diabetic medication can potentially cause 
hypoglycemia, but insulin and secretagouges, certainly 
are the usual culprits in clinical practice. 

In case 1, we hypothesize that lingering levels of basal 
insulin in the face of waning hepatic glucose stores upon 
fasting could have caused hypoglycemia. Obviously,  
while the bed-time dosing of Glargine resulted in rea- 
sonable FBS around the usual time of her breakfast, the 
continued fasting thereafter precipitated the hypoglyce- 
mic episode; her usual breakfast time is 4:30 AM. How- 
ever, she thought that her sugar was fine before she left 
home (78 mg/dl). It is conceivable thus that additional 
fasting beyond her usual breakfast time, of (about 3.5 
hours) precipitated her hypoglycemic episode.  

Basal insulins theoretically are not supposed to have 
peak effects, and are supposed to provide stable low lev- 
els of insulin, and hence the concept of being a (basal 
insulin), and thus the projected lowered incidence of hy- 
poglycemia. This was tested clinically in 15 patients with 
T1DM taking a basal insulin, during an 18 hours period 
of fasting [18], with only 2 minor hypoglycemic events. 
However, the aforementioned study cohort was carefully 
selected—unlike in real life situations (advanced age, 
variable degrees of glycemic control, insulin dosing, level 
of education, presence of co-morbidities, etc.). Therefore, 

it is hard to extrapolate the conclusions from this small 
study on basal insulins to the general population.  

In case 2, we hypothesize that Glyburide, which is a 
long-acting sulfonylurea (SU), is expected to have lin- 
gering, but significant effects through the next day, when 
given at night. We thus hypothesized that the secretagogue 
effect of Glyburide continued to pour more insulin into 
the blood stream in the face of waning glucose release 
from the liver upon fasting.  

In case 3, the cause of hypoglycemia is the effects of 
both basal and rapid action insulin taken in the morning 
of the test, while fasting. The educational gap, as discussed 
earlier, is the main culprit as the etiology of his hypogly- 
cemia. The patient has obvious hypoglycemia unaware- 
ness (asymptomatic despite glucose of 31 mg/dl). 

And finally, in case 4, it is hypothesized that the fast- 
ing hypoglycemia was caused by lingering effects of 
Glargine, taken the night before. Intriguely, this case illus- 
trates the religious adherence by patients to the (doctor’s 
order) of fasting for lab tests. The patient was not re- 
quired to fast, and the lab order did not include lipid pro- 
file which is the usual test for which clinicians insist on 
the fasting prerequisite. But the patient volunteered to 
fast on her own. We even have anecdotally observed few 
other patients coming fasting to their diabetic follow up 
visit, in case the doctor would need a fasting test! 

Given the aforementioned diverse circumstances and 
patients’ characteristics, we believe that this case series 
encompasses the various major circumstances that could 
contribute to FEEHD, These cases reveal multiple de- 
fects in diabetes education, and at many levels, ranging 
from patients to some members of the healthcare per- 
sonnel, including diabetes educators, nurses and clini- 
cians. While this case series describes circumstances no- 
ticed in our patient population, we believe these circum- 
stances may apply universally to patients with diabetes; 
however, we can not ascertain that and further research 
by other investigators is warranted. 

Finally, we believe that if patients with diabetes who 
are requested to fast for lab tests are educated adequately 
and prepared properly, the risk of FEEHD can be re- 
duced or eliminated. 

4. Conclusion 

In conclusion, this case series suggests multiple educa- 
tional defects in diabetes management that may result in 
FEEHD, an overlooked and serious safety problem in 
patients with T1DM and T2DM, and patients should be 
better educated about this piece of diabetes education. 
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