Pancreatic a-Cell Function in Idiopathic Reactive Hypoglycemia
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Idiopathic reactive hypoglycemia ({IRH) is a well-documented but overdiagnosed syndrome. The presence of transient
hypoglycemia and enhanced insulin secretion and/or increased insulin sensitivity before the onset of IRH is well documented.
However, the data regarding glucagon secretion are sparse. Therefore, this study assessed glucagon and insulin responses to
(1) oral ingestion of 100 g glucose oral glucose tolerance test (OGTT) and (2) a 100-g protein meal after an overnight fastin a
randomized sequence at intervals of 7 to 10 days in five subjects with previously well-documented IRH and six normal subjects.
Basal plasma glucose and insulin levels were not significantly different in both groups. However, basal glucagon was
significantly higher (P < .025) in IRH subjects {347 + 83 ng/L} compared with normals (135 + 20 ng/L). In IRH subjects during
the OGTT, hypoglycemia (2.7 = 0.11 mmol/L) occurred at 150 = 16 minutes and was preceded by a markedly higher {P < .01)
peak glucose concentration (11.7 =+ 0.6 mmol/L} at 36 = 6 minutes in comparison to normals (8.8 + 0.4 mmol/L), indicating the
presence of impaired glucose tolerance in these subjects. Similarly, the plasma insulin increase was significantly higher
(P < .01) but delayed in IRH subjects compared with normals. In contrast, glucagon suppression was not significantly different
in both groups, although glucagon failed to increase following hypoglycemia in IRH. During a protein meal, plasma glucose
declined in both groups, with a significantly (P < .05) greater decrease in IRH subjects (—0.8 = 0.2 mmol/L) compared with
normals (0.5 + 0.1 mmol/L). However, the glucagon increase was significantly (P < .01) blunted in IRH subjects (61% * 15%) in
comparison to normals (152% = 39%). Thus, basal hyperglucagonemia with normal glucose concentration may suggest the
presence of a hyposensitivity of the glucagon receptor in IRH. Moreover, the lack of appropriate suppression during the OGTT
despite marked hyperglycemia, the lack of an increase at the onset of hypoglycemia, and the inhibited response to a protein
meal in IRH subjects compared with normals denote altered glucagon secretion in IRH. Therefore, it is likely that glucagon
receptor downregulation and impaired glucagon sensitivity and secretion may contribute to postprandial hypoglycemia in

IRH.
Copyright © 1997 by W.B. Saunders Company

DIOPATHIC REACTIVE (postprandial) hypoglycemia (IRH)
is an uncommon disorder manifesting hypoglycemic symp-
toms such as palpitation, sweating, anxiety, tremor, headache,
confusion, weakness, dizziness, and blurred vision, usually
occurring 1 to 4 hours after a meal.'> The existence of this
disorder has been questioned by some.®® Nevertheless, many
other investigators not only continue to confirm its presence but
also attempt to assess the mechanism of hypoglycemia in this
syndrome.!%14 Most of these studies have attributed the hypogly-
cemia to hyperinsulinemia occurring following marked hyper-
glycemia and enhanced insulin sensitivity in this syn-
drome. 1913151 However, the role of glucagon in this syndrome
has not been well examined.!”1? Therefore, this study assessed
pancreatic «-cell function in subjects presenting with this
disorder.

MATERIALS AND METHODS

Five subjects, three men and three women aged 26 to 45 years,
participated in the study after informed consent was obtained. The
diagnosis of IRH was established by (1) a history of several hypoglyce-
mic events suggested by the presence of known symptoms of hypogly-
cemia usually occurring 1 to 4 hours after a mixed meal, some of which
were documented by a blood glucose level less than 3.0 mmol/L as
determined by home blood glucose monitoring systems, and (2)
documentation of venous plasma glucose less than 50 mg/dL (<2.7
mmol/L) when symptoms of hypoglycemia occurred during a 5-hour
oral glucose tolerance test (OGTT) with 75 g glucose."*1%-16 None of
the subjects with IRH had peptic ulcer disease, altered gastrointestinal
motility, ie, diarrhea, previous gastrointestinal surgery, or any other
disorders, including hyperthyroidism and type I diabetes mellitus, that
are known to induce reactive hypoglycemia®3911.12:1420-23 o¢ the time of
or at any time before enrollment onto this study protocol. Thus, only
after a thorough evaluation were all subjects deemed to manifest IRH.
As controls, six aged-matched (24 to 42 years) healthy volunteers, three
men and three women, participated in the study. None of the healthy
subjects demonstrated either impaired glucose tolerance or diabetes
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mellitus by the criteria established by the National Diabetes Data
Group.?* Neither did any participant in the study have a family history
of diabetes mellitus. All subjects were within 10% of ideal body weight
and were free of any acute or chronic disorder at the time of study as
documented by a thorough history and a normal physical examination,
complete blood cell counts, entire clinical chemistries, and liver
function tests. Neither did they consume any medications at the time of
study.

The studies were performed in a randomized sequence with intervals
of 7 to 10 days. All participating subjects were asked to consume a
regular diet containing at least 150 g carbohydrate for at least 3
consecutive days before each study. On the fourth day, they presented to
the endocrinology laboratory between 8 and 9 Am after an overnight
fast. An OGTT was performed in all subjects using 100 g oral glucose
solution (Glucola). The protein meal study was performed in all subjects
using 100 g cherry-flavored, predigested, preformed protein liquid, a
mixture of amino acids with less than 1% fat content and no
carbohydrate content (Proamino Liquid; United Nutrition, Narberth,
PA). Blood samples (8 mL) were collected for glucose, insulin, and
glucagon determinations before oral ingestion of either glucose or the
protein meal and again at 15, 30, 60, 90, 120, 150, and 180 minutes
during both studies. Each blood sample was divided into three portions.
A 5-mL aliquot was placed in a cooled heparinized tube and promptly
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centrifuged at 4°C, and plasma was extracted. One milliliter of plasma
was frozen and stored at —~20°C for determination of insulin at a later
date. The remaining plasma was used for measurement of glucose levels
on the same day. Three milliliters of blood was placed in a chilled tube
containing EDTA (1.5 mg/mL) and 3,000 U Trasylol. The blood
specimens were immediately centrifuged at 4°C. The plasma was
extracted and frozen at —20°C for determination of glucagon at a later
date.

Plasma glucose was determined by a commercial kit using the
glucose oxidase method (Worthington Diagnostics, Worthington, NJ).
Plasma insulin was assessed by a commercial kit (Immunex, San Diego,
CA) using a well-established radioimmunoassay (RIA) technique.
Plasma glucagon was also estimated by RIA using a 34K glucagon
antibody (Cambridge Medical Technology, Billerica, MS). This anti-
body is specific for determination of bioactive glucagon as previously
reported.?1>26 Interassay and intraassay coefficients of variation for all
determinations were between 5% and 11% in our laboratory. All data are
reported as the mean = SEM. Statistical analyses were performed with
Student’s ¢ test and ANOVA. Glucose responses were expressed as an
absolute change (A), ie, the difference between the peak or nadir
concentration and the basal level. Insulin and glucagon responses were
expressed as an absolute change (A) and as a percent change [(absolute
change/basal level) X 100).

RESULTS

Fasting plasma glucose and insulin levels were not signifi-
cantly different in either group. However, basal glucagon was
significantly higher in subjects with IRH compared with normal
subjects (Table 1). During the OGTT, hypoglycemia (<2.7
mmol/L) occurred at 150 = 16 minutes and was preceded by
marked hyperglycemia (11.7 = 0.6 mmol/L) at 36 = 6 minutes
in IRH. Furthermore, this peak glucose concentration was
significantly higher (P < .01) in IRH subjects compared with
normal subjects (8.8 = 0.4 mmol/L). Simultaneously, the nadir
glucose concentration was significantly lower (P < .01) in IRH
subjects (2.7 % .04 mmol/L) compared with normal subjects
(5.5 = 0.3 mmol/L). Plasma insulin increased promptly in both
groups, with a significantly higher increase in subjects with IRH
as expressed by both the absolute response (Fig 1) and the
percent change, 2,177% = 414% in IRH subjects and 1,100% =
198% in normal subjects. However, the greater insulin peak in
IRH subjects was significantly delayed (75 £ 6 minutes; range,
60 to 90) in comparison to normal subjects (47 == 5 minutes;
range, 30 to 60). Plasma glucagon declined progressively in
normal subjects, with an absolute decrease of 40 = 17 ng/L and
a percent decline of 29% = 12%. In contrast, a paradoxical
increase in plasma glucagon was noted during the first 30
minutes before a later suppression in IRH, as documented by an
absolute decrease of 127 = 46 ng/L and a percent decline of

Table 1. Fasting Plasma Glucose, Insulin, and Glucagon Levels in
Five Subjects With IRH and Six Normal Subjects

Fasting Fasting Fasting
Body Plasma Plasma Plasma
Age Weight Glucose Insulin Glucagon
Group {yr} {kg} {mmol/L)* {mU/L}* {ng/L)*
IRH 37+6 59 + 8 4.9 + 0.2 7x2 347 + 83t
Normal 345 62x7 5.2 = 0.1 6x1 135+ 20

*The average of 2 values in individual subjects, 1 during the OGTT
and the other during the protein meal study, was used for calculation.
P < .025, IRH vnormal.
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Fig 1. Glucose, insulin, and glucagon responses to oral ingestion of
100 g glucose {OGTT) in 5 subjects with IRH (A} and 6 normal subjects
(@). *P < .01 vnormal.

36% *+ 14% (Fig 1). However, this greater absolute decrease in
IRH occurred in the face of a markedly higher basal plasma
glucagon concentration. Finally, the glucagon nadir occurred
significantly earlier (P < .001) in subjects with IRH (62 = 10
minutes) compared with normal subjects (148 *+ 25 minutes).
Furthermore, there was no significant alteration in plasma
glucagon concentration at the onset of hypoglycemia in subjects
with IRH (prehypoglycemia, 344 = 67 ng/L; with hypoglyce-
mia, 348 + 78 ng/L). During the protein meal (Fig 2), plasma
glucose levels declined in both groups, with a significantly
greater decrease (P < .05) in subjects with IRH (0.8 = 0.2
mmol/L) in comparison to normal subjects (0.5 = 0.1 mmol/L).
Plasma insulin increased promptly in both groups, and the
responses were not significantly different (P < .05) when
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Fig 2. Glucose, insulin, and glucagon responses to oral ingestion of
a protein meal in 5 subjects with IRH (A) and 6 normal subjects (.)
*P < .05 vnormal. 1P < .01 vIRH.

expressed either as an absolute increase (Fig 1) or as a percent
increment (308% =+ 63% in IRH and 333% = 58% in normal
subjects). In contrast, the plasma glucagon response was
significantly (P < .01) blunted if expressed as a percent in-
crease in subjects with IRH 61% = 15%) compared with
normal subjects (152% =+ 39%). However, the absolute in-
crease in plasma gliicagon was almost identical in IRH subjects
(215 = 52 ng/l.) compared with normal subjects (205 + 50),
albeit in the presence of a significantly higher basal glucagon
concentration (Table 1).

DISCUSSION

IRH, although questioned in some quarters, does seem to
exist in many subjects.!->10-11920.24-2 Fyrthermore, it appears
to cause a marked disturbance in the daily activities of some of
these subjects because of less than tolerable clinical manifesta-
tions. The management of this condition consists of ingestion of
frequent small meals with high protein and low refined-
carbohydrate content. Additionally, several drugs such as cal-
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cium-channel blockers, anticholinergic agents, or somatostatin
have been used successfully in treating patients when dietary
manipulation has failed to prevent hypoglycemic episodes, 52730
These therapeutic options are based on decreasing peak glucose
and insulin concentrations, since hyperinsulinemia is implicated
as one of the major factors in induction of hypoglycemia in this
disorder. However, a prompt glucagon increase caused by a
high-protein meal may also account for the prevention of
hypoglycemia with a high-protein, low-carbohydrate diet, al-
though pancreatic a-cell function has not been well studied in
this syndrome.”"!? Therefore, this study examined the influence
of oral glucose ingestion and a protein meal on glucagon
secretion to assess pancreatic a-cell function in this syndrome,
since the influence of carbohydrate ingestion or a protein meal
in the regulation of glucagon secretion is well established 21,2526
Glucose responses during both studies were expressed only as
absolute changes from the basal levels because fasting concen-
trations were not significantly different in either group. How-
ever, glucagon and insulin responses during both studies were
expressed as percent changés from the basal levels because
basal glucagon levels were markedly and significantly higher in
subjects with IRH in comparison to normal subjects. Also, we
believe it is inappropriate to compare absolute responses
between two groups with markedly different concentrations, ie,
a change of 30 U from a basal level of 100 U, a 30% response, is
distinctly different from the same absolute change of 30 U with
a basal level of 300 U, a 10% response. Therefore, percent
changes from the basal level appear more meaningful for
comparison between two groups when basal levels are grossly
different. Finally, absolute changes in plasma insulin and
glucagon concentrations were also documented to maintain
upiformity and to assess their relationships with glucose
responses.

This study confirms the induction of hypoglycemia following
ingestion of glucose in subjects with IRH. Moreover, it also
documents the initial hyperglycemia indicating the presence of
impaired glucose tolerance and markedly elevated plasma
insulin before the induction of hypoglycerma that occurred in
every individual subject with IRH but at different times (90 to
150 minutes). The variability in the time of occurrence of
hypoglycemia may be responsible for the lack of documentation
of hypoglycemia (<2.7 mmol/L) at any one period as a group
(Fig 1), since only mean glucose concentrations at each period
are depicted. However, the greater insulin peak noted in
subjects with IRH was delayed in comparsion to that in normal
subjects, and a similar finding was noted in subjects with
reactive hypoglycemia induced by other disorders, with the
exception of type II diabetes mellitus, as described in several
previous studies.>*9111520212330 However, percent glucagon
suppression similar to that noted in normal subjects despite a
greater degree of hyperglycemia and a lack of a significant
increase at the onset of hypoglycemia indicate altered pancre-
atic a~cell function in IRH. We believe that the absolute decline
in glucagon levels in IRH, although significantly higher than in
normal subjects, was not appropriate in the presence of mark-
edly higher postprandial plasma glucose levels indicative of
impaired glucose tolerance and basal hyperglucagonemia. A
similar abnormality of glucagon secretion has been reported in
several other states manifesting impaired glucose toler-
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ance.21:253132 Furthermore, a possible initial paradoxical in-
crease within 30 minutes in response to glucose ingestion
followed by a relatively earher decline compared with that in
normal subjects may also suggest a further aberration of
glucagon secretion in IRH.

Our observatlon in JRH regarding alteratlons in plasma
glucose and insulin concentrations is consistent w1th previous
data in the literature.i-310.131528-30 However, data regarding
glucagon secretion are sparse and conflicting.!”-!¥ The 1mpa1red
suppression of glucagon following glucose ingestion noted in
our study was reported in‘a previous study. 18 Similarly, the lack
of an increase followmg the reactive hypoglycemia during the
OGTT was also described in previous studies. 17-19 The lack of a
normal glucagon increase followmg a protein meal was noted in
our study was also documented in one study during an alanme
infusion.” ‘However,* another study'® reported a “‘normal’
glucagon increase from the. basal level on insulin-induced
hypoglycemla and alanme administration, although without
depicting actual data in normal sub]ects Moreaver, this study
also reported variable glucagon responses in individual subjects
with IRH. We belleve that glucagon secretagogues do induce
glucagon stimulation in subjects with IRH, as noted in the
previous study.!” However, the glucagon responses seem to be
significantly impaired in comparison to those in normal sub-
jects. Fmally, the basal hyperglucagonemija and the initial
paradoxical increase following glucose mgest1on were not
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prev1ously documented Thus, it is apparent from both studies,
ie, the OGTT and the protein meal, that pancreatic a-cell
function is altered in IRH.

The hlgh basal glucagon concentratlon in the presence of
euglycemia may suggest hyposensitivity and/or downregulatton
of the glucagon receptor, as described prevrous]y in hepat1c
cirrhosis.3!32 Alternatively, euglycem1a in. the presence of
hyperglucagonem1a may suggest increased non—insulin-medi-
ated glucose uptake by tissues, although this poss1b1hty remains
to be assessed. Finally, the onset of reactive hypoglycerma
during the OGTT and the larger decrease in glucose after a
protein meal may also be attributed to impaired glucagon
secretion in subjects with IRH. Therefore, we believe that the
IRH syndrome doés exist and may be attributed to both
glucagon receptor downregulation and/or hyposensitivity and
impaired glucagon secretion. Moreover, the desensitization. of
glucagon secretion noted in IRH may be comparable to.the
desensitization of insulin secretion documented in non-insulin-
dependent diabetes mellitus. Finally, this syndrome may re-
semble the other extreme end of the spectrum opposite to
non-insulin-dependent diabetes mellitus, in which both insulin
sensitivity and secretion are also impaired.
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