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Introduction

Postprandial hypoglycemia (PH) is a poorly under-
stood phenomenon. Five-hour oral glucose tolerance
test (5-OGTT) is often a useful laboratory investiga-
tion to understand and establish a diagnosis of PH.
The aim of this study is to present the patterns ob-
served during 5-OGTT performed in cases with PH in
a tertiary hospital in Nepal.

Methods

5-OGTTs were performed on 52 patients who com-
plained symptomatic postprandial neuroglycopenic
symptoms, at the Nepal Medicity hospital during the
period of 2 years from 2017 to 2019. The anthropom-
etry, medical history, serum glucose; insulin and cor-
tisol were obtained. The homeostatic model assess-
ment score for insulin resistance (HOMA-IR) based
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on fasting glucose and insulin levels were cal-
culated. Data was analyzed using SPSS (Version
20.0).

Results

21(40.4%) patients out of 52 developed hypogly-
cemia [blood glucose < 55mg/dl (3.1mmol/L)],
among them nine patients developed hypogly-
cemia at 3 hours, 11 at 4 hours and one at 5
hours post glucose load. The fasting insulin level
in patients who developed hypoglycemia was
12.1 + 5.8 uU/ml compared to the insulin level
analyzed at the point of hypoglycemic episode
which was 6.4 + 1.8 uU/ml, P<0.005.

Conclusion

The level of insulin is disproportionately high
in the setting of hypoglycemia where it was ex-
pected to be nearly absent. The disturbance in
physiological mechanism between insulin sensi-
tivity and insulin secretion may be the possible
cause of PH.
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INTRODUCTION

The presence of neuroglycopenic symptoms in
patients without diabetes is strongly sugges-
tive of a hypoglycemic disorder. There are two
types of non-diabetic hypoglycemia where the
first one is postprandial hypoglycemia (PH) and
the second is fasting hypoglycemia. Reactive or
postprandial hypoglycemia causes blood glu-
cose to decrease two to five hours after a diet
with high carbohydrate content. Early and late
postprandial hypoglycemia occurs in 2-3 hours
and 3-5 hours after a meal respectively. (1)
Demonstration of hypoglycemia while symp-
tomatic and alleviation of symptoms following
normalization of glucose levels is the gold stan-
dard test for diagnosing PH. We have previously
reported that the PH is the commonest cause

of non-diabetic hypoglycemia in a cohort of pa-
tients assessed in a tertiary hospital in Nepal.
(2) Itis our practice in a metabolic clinic to carry
out five-hour oral glucose tolerance test (5-
OGTT), with insulin measurement at the onset
of the symptoms, to diagnose and observe the
pattern of PH.

However in clinical practice, the use of 5-OGTT
is discredited for the diagnosis of PH as it may
show false-positive results. (3) Nevertheless,
the 5-OGTT demonstrates the insulin sensitivity
of a patient and guides individual therapeutic
approach. The aim of this study is to present the
patterns observed during 5-OGTT performed in
cases with PH in Nepal and discuss the patho-
physiological basis behind that pattern. This
test is done only in few centers in Nepal.

METHODS

5 hr-OGTT were performed in 52 patients pre-
senting with autonomic hypoglycemic symp-
toms after meal, at the Nepal Mediciti hospital
during the period of 2 years from 2017 to 2019.
The sampling scheme is shown in figure 1.

The patients diagnosed with or history of dia-
betes mellitus, cortisol hormone deficiency,
bariatric surgery, drug induced hypoglycemia,
Insulinoma and insulin autoimmune syndrome
were excluded based on clinical history and rel-
evant investigation. Apart from the antidiabetic
medications, the drugs that are known to cause
hypoglycemia are quinolones, pentamidine, non
selective beta blocker, ACE inhibitors, salicylates,
hydroxychloroquine and artemisinins.(4) The
adrenal causes of hypoglycemia were ruled out
by performing serum cortisol assay in all cases.
Insulin glucose ratio (Turners amended ratio)
was calculated in each case using [Fasting insulin
(LU/ml) x 100 / blood glucose (mg/dl)-30)] for-
mula. (5) The cases with Turners ratio less than
50 were only included in the study to exclude
the possible cases of Insulinoma.
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Figure 1 Sampling scheme

Patients presenting in metabolic clinic
with following autonomic
hypoglycemic symptoms after meal:
Nausea, Palpitation, Tachycardia, ‘
Sweating, Visual changes, Loss of
consciousness, Confusion, Lethargy,
Hunger, Lightheadedness or Irritable

Individual diagnosed with Diabetes
mellitus.

Recent use of alcohol or drugs that Yes
are known to cause hypoglycemia
Chronic illness (Hepatic, Renal,
Cardiac, Malignancy, Burn)
History of Bariatric surgery
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Relevant history and investigation to confirm

»  Insulinoma
»  Insulin Autoimmune Condition
»  Hormonal deficiency (Cortisol)
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Provisional diagnosis of postprandial

hypoglycemia
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Patient selected for five-hour oral glucose

tolerance test (5-OGTT)

Biochemical measurements

The clinically diagnosed cases of PH were sub-
jected to 5-OGTT. Patients were advised for 3
days of normal diet and physical activity fol-
lowed by 10 hours fasting before the investiga-
tion. Serum sample for glucose and insulin was
collected before the oral intake of the glucose
solution (referred as baseline value). 75 grams
of anhydrous glucose in 200 ml of water was
provided for oral administration. Serum sample
were collected and analyzed for glucose every
hour after glucose solution intake and insu-
lin was also analyzed from the same sample if

there was any event of hypoglycemia. The cut
off glucose value to label hypoglycemia was be-
low 55 mg/dl (3.1mmol/L). (6) The homeostatic
model assessment score for insulin resistance
(HOMA-IR) based on fasting glucose and insulin
levels was calculated for cases who developed
hypoglycemia.

Serum glucose and insulin were measured us-
ing Vitros “ECiQ immunodiagnostic system”
Enhanced Chemiluminescence Immunoassay
(ECI) after daily maintenance and running in-
ternal control samples, which were found to be
within the normal range.
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Statistical analysis

All data sets were tested for normality using the
Kolmogorov-Smirnov test and are expressed as
mean * standard deviation (SD) if normally dis-
tributed, or and as median if not normally dis-
tributed. The comparison was evaluated using t-
test and the Wilcoxon rank test, as appropriate.

RESULTS

The mean age of 52 patients (16 men and 32
women) was 33.8 + 11.5 years. 21 patients out
of 52 developed hypoglycemia at certain hour
during 5-OGTT test. Out of 21 patients, nine pa-
tients developed hypoglycemia at 3 hours, 11 at
4 hours and one at 5 hours post glucose load.

The mean + standard deviation of fasting insulin
in patients (n=21) who developed hypoglycemia
at a certain hour during 5-OGTT was 12.1 £ 5.8
puU/ml compared to the insulin level analyzed
during hypoglycemic episode which was 6.4 +
1.87 pU/ml and this was significant (P <0.005).

Figure 2

When the insulin concentrations during hypo-
glycemic episode at 3 hours and 4 hours were
compared, it was also significantly lower than at
the baseline (5.9 puU/ml and 6.5 pU/ml respec-
tively) as shown in Figure 2.

The homeostatic model assessment score for
insulin resistance (HOMA-IR) based on fasting
glucose and insulin concentrations was calculat-
ed for the cases who developed hypoglycemia
at three hours and four hours and the average
value was 1.9 and 2.9, respectively.

The average glucose concentration in groups
that triggered insulin measurement due to
symptomatic hypoglycemia was compared
with groups that did not trigger insulin mea-
surement. The average blood glucose within
two hours post glucose load was 128.3 mg/dL
(7.1 mmol/L) versus 118.6 mg/dL (6.6 mmol/L)
in a group that later developed and did not de-
veloped hypoglycemia respectively (P <0.005).
(Figure 3)

Average insulin and fasting HOMA-IR in patients developing hypoglycemia

at 3 hour (3-hour OGTT) and 4 hour (4 hour OGTT) post glucose load

14

12.1 12.1

M Baseline average Insulin (uU/ml) in

patients who developed
hypoglycemia post glucose load

3 hour OGTT

4 hour OGTT

M Average insulin (uU/ml) level
analyzed during hypoglycemic
episode

= HOMA- IR from fasting insulin and
glucose
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The results of the 5-OGTT carried out at our
metabolic clinic have shown various biochem-
ical patterns. The relationship between blood
glucose and factors influencing it such as insulin
sensitivity, insulin resistance, and counter regu-
latory hormones has role in this differing pat-
tern. It was proposed back in 1996 by Leonetti F
et al that PH may arise from an increased insulin
response, which might be related either to insu-
lin resistance or to increased glucagon like pep-
tide-1 (GLP-1), renal glycosuria, defects in glu-
cagon response and high insulin sensitivity. (7)

We have observed symptomatic hypoglycemia
both at early (within three hours after the glu-
cose load) and late phase of the 5-OGTT (after
three hours). In our study, nine cases (42.9%)
developed reactive hypoglycemia at three hours

for these nine cases was 1.9 suggestive of mild
insulin resistance. Similarly, it is evident from
our study that the cases who developed PH at
four hours post glucose load, but not at three
hours post glucose load, had higher HOMA-IR
(2.9 versus 1.9). Similar finding has been re-
ported earlier. (8, 9) The mild form of insulin
resistance, observed in cases with PH at 3 hours
post glucose load, does not explain the hypogly-
cemic episode. Tamburrano et al reported that
this type of idiopathic PH is due to the increased
insulin sensitivity. (10)

In our study, baseline insulin level in patients
who developed hypoglycemia was significantly
higher compared to insulin level during of hypo-
glycemic episode. It is interesting to note that
the insulin level during hypoglycemic episode at
3 hours and 4 hours was not clinically significant

Page 455
eJIFCC2021Vol32No4pp451-457



Vivek Pant, Safala Mathema, Sandeep Jha, Sujay Dutta Paudel, Suman Baral
The detection of postprandial hypoglycemia with 5-hour oral glucose tolerance test

though it was statistically (5.9 pU/ml versus 6.5
pU/ml). The level of insulin is disproportionate-
ly high in the setting of hypoglycemia where it
was expected to be nearly absent. The insulin
half-life is reported to be only 4-5 minutes. This
phenomenon could be linked to the abnormal
delayed insulin secretion. The delayed insertion
of insulin mediated glucose transporter (GLUT-
4) has been suggested as a possible cause for
this phenomenon. (11, 12) The delayed inser-
tion of GLUT-4 results in very less amount of
glucose to be handled by it, as the glucose en-
try through insulin independent transporters
(GLUT 1-3) increases. The continued hyperinsu-
linemia recruits greater number of GLUT-4 in-
appropriately at a late stage where hyperglyce-
mia is already approaching normoglycemia and
causes rapid entry of glucose into cells resulting
in hypoglycemia.

Abnormalities in circulating insulin do not ex-
plain all cases of reactive hypoglycemia, since
there have been reports of many patients with
normal insulin response. (13) Defects in coun-
ter regulatory response of glucagon (14), exag-
gerated response of GLP-1 (15), renal glycosuria
(16), defect in hepatic glucose-6-phosphate
enzyme system (17) and accelerated stom-
ach emptying (18) are among the commonest
causes described in literature. However, in our
study, we did not measure the glucagon and
GLP-1 level.

A complete work-up including measurement of
glucose, insulin, C-peptide, proinsulin, oral hy-
poglycemic agent screen, and insulin antibodies
should be performed at the onset of any hypo-
glycemic event. Insulin and C-peptide are co-
products of proinsulin, and therefore released
in the bloodstream at equimolar amounts, with
insulin metabolized in the liver, and C-peptide
excreted by the kidneys. When the C-peptide
concentration is low or undetectable but the
insulin concentration is high, then inappropri-
ate insulin administration is a possible cause of

hypoglycemia. In our study we measured the
insulin level but not the C-peptide, to study the
patterns of PH, since the cases with inappropri-
ate insulin administration were already ruled
out.

In our study, the pattern of the individual pa-
tients reveals a considerable “between indi-
vidual” variation, which is not surprising but
requires some more observations for lasting
conclusions. While this disease is often ignored
by many physicians and the 5-hour oral glucose
tolerance test is often disregarded, it may add
therapeutic benefit to the individual patient.

CONCLUSION

Postprandial hypoglycemia represents distur-
bances of balance between glucose utilization
and glucose supply. The disturbed homeostatic
loop between insulin sensitivity and insulin se-
cretion may be the characteristic aspect of PH.
The pathophysiology varies between individual,
and 5-OGTT may be useful to understand this.
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