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INTRODUCTION 

Rebound hyperglycemia, (the Somogyi phenomenon) is the bane of 

patients with diabetes and their physicians. This phenomenon was 

originally described by Michael Somogyi, a biochemist, who was 

interested in the relationship between the dose of insulin admi

nistered and the subsequent effect on the amount of carbohydrate 

utilized. Dr. Somogyi was astonished to learn (something any patient 

with diabetes could tell you) that the ~blood sugar and glycosuria of 

diabetic patients often show wide fluctuations even when both the car

bohydrate content of the diet and the insulin dosage are unchanged". 

In an attempt to investigate this problem he studied the effect of 

insulin administration on diabetic control, (most easily done in those 

days by measuring glucose excretion in the urine) and published these 

findings in an often quoted paper in the American Journal of Medicine 

in 1959. In this manuscript Dr. Somogyi promulgated his hypothesis 

that hypoglycemia even when it is mild and asymptomatic can result in 

subsequent hyperglycemia. He suggested that the hyperglycemia which 

follows hypoglycemia is the direct result of a release of counterregu

latory hormones from the pituitary and adrenal glands. Dr. Somogyi's 

conclusions were hardly based on crisp experimental data. In fact, 

his paper is really a collection of anecdotal case reports in which 

patients seemed to have less glycosuria on a smaller daily dose of 

insulin. Based on these observations he was the first to suggest that 

a possible cause for "brittle" diabetes was an excessive dose of 

insulin. 
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This thought that 11 hypoglycemi a begets hyperglycemia 11 is one of 

the most widespread concepts in clinical medicine. In fact, on our 

medicine service, confronted wit~ an insulin treated patient with a 

markedly elevated fasting blood glucose level our usual reaction to 

this clinical situation is to lower the patient•s insulin dose. We 

confidently tell housestaff and students that the patient must surely 

have been hypoglycemic during the night. Thus, the fasting hypergly

cemia is 11 rebound hyperglycemia••, and the appropriate course of action 

is to decrease the insulin dose rather than raise it. 

It is my purpose to look carefully at the 11 Somogyi phenomenon ... 

Is it real? Are we more often right than wrong in suggesting a lower 

insulin dose in the aforementioned clinical circumstance? Does 

hypoglycemia, asymptomatic or otherwise, result in subsequent 

hyperglycemia? If so what is the mechanism by which it occurs? 

Glucose Counterregulation in Non-diabetic Humans 

An adequate plasma glucose concentration is crucial to survival. 

Insulin has long been recognized as the hormone which regulates glu

cose removal from the extracellular space, both by its effect on 

increasing glucose clearance and also via its effect on suppressing 

glucose production. How does recovery from hypoglycemia occur? What 

are the mechanisms? Figure 1 shows the counterregul a tory hormone 

response to insulin induced hypoglycemia in non-diabetic humans. It 

is clear that the secretion of epinephrine and glucagon preceed that 

of growth hormone and cortisol after the induction of hypoglycemia. 
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Counterregulatory hormone responses to insulin-induced 
hypoglycemia in normal persons. From Gerich and associates ( 19); 
reproduced with permission . HGH = human grown hormone. 

(Figure 1, Wilson et al, 1983) 

Cryer who has recently reviewed this problem suggests that glucose 

counterregulation could result by either hormonal signals, neural 

signals, glucose autoregulation, or some combination of the above. 

Figure 2 summarizes a series of studies in which Cryer and his asso-

ciates examined the effect of the isolted deficiency of potentially 

important glucose counterregulatory hormones on the recovery from 

insulin induced hypoglycemia in nondiabetic subjects. They demonstrated 

that recovery from insulin induced hypoglycemia is essentially normal 

when glucagon secretion is intact and is partially impaired (by 40%} 

when glucagon secretion is impaired. (Fig. 28) Recovery from moderate 

hypoglycemia is normal during pharmacologic adrenergic blockade and in 

the complete absence of epinephrine. (Fig. 20) This is also true if 
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the nerve impulses are impaired as occurs in spinal cord injury. 

However, if glucagon secretion is inhibited, then recovery from 

hypoglycemia is markedly impaired during adrenergic blockade (Fig. 2E) 

and fails to occur at all in the absence of epinephrine. (Fig. 2F) 

Thus, glucagon plays the primary role in non-diabetics in the recovery 

from insulin-induced hypoglycemia . Glucagon deficiency is compensated 

for by enhanced epinephrine secretion. Recovery from hypoglycemia 

fails to occur only in the absence of both glucagon and epinephrine. 

The acute release of cortisol and/or growth hormone is not critical. 

Finally, Cryer feels that neither the release of sympathetic neural 

norepinephrine nor glucose autoregulation is sufficiently potent to 

promote glucose recovery from hypoglycemia. Neither is needed to be 

involved to explain glucose recovery from insulin induced hypoglycemia. 

Fig. 2. Plasma glucose curves during 
insulin-induced hypoglycemia in 
normal subjects during control 
studies and as modified (dashed 
lines)by: a)somatostatin infusion 
b)somatostatin plus growth 
hormone infusion, c)somatostatin 
plus glucagon infusion; d) phen
tolamine plus propranolol 
infusion; e)somatostatin plus 
phentolamine and propranolol 
infusion; £)somatostatin infusion 
in bilaterally adrenalectomized 
patients. (Cryer, 1981) 
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It is of interest that there appears to be no absolute plasma glu-

case theshold for the activation of hormonal glucose counterregulatory 

systems. There is some controversy regarding this issue, as DeFronzo 

et al have shown that release of counterregulatory hormones fails to 
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occur in nondiabetics subjects until the plasma glucose level falls 

below 50 mg/dl even if it falls from elevated levels. Cryer feels 

that neither the absolute glucose decrement nor the rate of glucose 

decline are the primary determinants of the magnitude of the coun

terregulatory response. In his view the magnitude of the response is 

an inverse function of the absolute glucose concentration (Figure 3). 

Thus, glucose decrements to hypoglycemic levels trigger the largest 

hormonal response. An intermediate response is seen when the blood 

glucose level falls from high to low physiological levels. A fall 

from hyperglycemia to normal levels results in a much smaller hormonal 

response. 

Fig. 3. Mean (±SE) maximal 
plasma concentrations of 
epinephrine (E), norepinephrine (NE) 
glucagon (GCN), cortisol (F), and 
growth hormone (GH resulting from 
insulin-induced hypoglycemia 
(solid columns), plasma glucose 
decrements from 95 to 60 mg/dl 
(cross hatched columns), and 
plasma glucose decrements from 
200 to 100 mg/dl (open columns). 
The numbers in parentheses indicate 
the time, in minutes, after ini
tiation of the change in plasma 
glucose. (Cryer, 1981) 
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Glucose Counterregulation in Humans with Diabetes Mellitus 

-

Unfortunately the mechanisms for glucose counterregulation have 

not been we 11 worked out in peop 1 e with diabetes mellitus. DeFronzo 

et al, in a beautiful set of studies, (Figure 4) examined the effect of 
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a falling glucose concentration from one hyperglycemic level (201 ~ 22 

mg/dl) to a physiological level (100-110 mg/dl) on the release of 

counterregulatory hormones in 9 subjects with diabetes. During the 

time when the plasma glucose concentration was falling rapidly or 

shortly thereafter while the plasma glucose level was being maintained 

at 100 mg/dl or above, 8 of 9 subjects released growth hormone, 5 of 9 

released cortisol, 6 of 9 released epinephrine and 5 of 9 released 

norepinephrine. None of the subjects released glucagon in response to 

a falling plasma glucose concentration. In fact, one subject experi

enced symptoms compatible with a hypoglycemic reaction at a plasma 

glucose concentration of 150 mg/dl. (Figure 4) L ilavivathana et al, 

found similar results in studies done in 8 Type I diabetic patients. 

They lowered blood glucose levels from 350 mg/dl to approximately 100 

mg/dl 90 minutes with an intravenous bolus of insulin. Both epi

nephrine and cortisol levels increased while the plasma glucose levels 

were falling but still in the hyperglycemic range. No consistent 

changes in the other hormones (as a group) was seen. Thus, hypergly

cemic diabetic patients seem to have a higher "set" for the release of 

counterregulatory hormones. The clinical lesson from this is that the 

poorer the antecendant diabetic control the more sensitive the 

patients are to falling blood glucose levels in terms of symptoms of 

hypoglycemia. Thus patients can have hypoglycemic symptoms at plasma 

glucose levels that are not in hypoglycemic range. It therefore is 

important to document the plasma glucose level during "hypoglycemic" 

episodes whenever possible. Improvement in overall diabetic control 

will decrease the frequency of "reactions" at nonhypoglycemic glucose 

levels. In fact, patients who have achieved long term near normal 
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glycemia, not only no longer have symptoms of hypoglycemia at nonhypo

glycemic levels, they often do not have symptoms when the blood glu

cose level is in the hypoglycemic range. They are able to tolerate 

chemica 1 hypoglycemia without symptoms. Although patients are de

lighted not to have to suffer the unpleasant symptoms of hypoglycemia 

this is not good news in terms of patient safety. The first symptoms 

of hypoglycemia is some of these patients are often related to central 

nervous system dysfunction. 

Figure 4 
(DeFronzo et al, 1980) 
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Figure 5 shows the glucose kinetics and couterregulatory response 

to constant insulin infusion (0.4 mU/kg/min or 1.6 U/hr for a 70 kg 

person) in a group of patients with Type I diabetes mellitus. There 

are several things to note. First of all, the plasma glucose level 

stabilizes (does not rebound) at approximately 60 mg/dl despite the 

ongoing infusion of insulin. Secondly, in the patients with diabetes 
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the decline in the plasma glucose concentration is the result of an 

exaggerated suppress ion of hepatic glucose output (as compared to 

nondiabetics), whereas the stabilization of plasma glucose occurs pri

marily as a consequence of an exaggerated fall in glucose uptake. The 

exaggerated suppression of hepatic glucose output is probably the 

result of the failure of glucagon and norepinephrine to increase with 

hypoglycemia in the patients with diabetes. 

Fig. 5-A. Effect of insulin infusion (0 . 40 
mU/kg per min) in diabetic subjects on 
plasma glucose and glucose kinetics. 

Fig. 5B. Effect of insulin infusion 
(0.40 mU/kg per min) in diabetic 
subjects on plasma epinephrine, nor
epinephrine, glucagon, cortisol , and 
growth hormone. The asterisks indicate 
the first determination that was sig
nificantly greater that the basal 
preinfusion values (P<0 . 005). In the 
case of norepinephrine· and glucagon 
no significant rise was observed at 
any time during the insulin infusion. 
(Sacca et al, 1979) 
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It has been recently recognized that many patients with diabetes 

mellitus often have an impaired counterregulatory hormone response to 

insulin induced hypoglycemia. As early as 1973 Gerich et al, recog

nized that insulin dependent diabetic patients had a defective gluca

gon response to hypoglycemia, whereas they had an exaggerated glucagon 

response to arginine. (Figure 6) 
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Fig.~. Plasma glucose and glucagon responses to insulin-induced hypoglycemia (left) 
and to intravenous arginine infusion (right) in juvenile-type diabetics (-----) and in 
normal controls (-- -). Vertical bars indicate standard erros; N is the number of 
patients. (Gerich et al, 1973) 

Thus, diabetic patients because of their impaired glucagon 

response to hypoglycemia have an increased dependence on epinephrine 

mediated beta adrenergic mechanisms to allow blood glucose recovery 

from hypoglycemia. Popp, Shah, and Cryer, studied the glucose reco

very from insulin induced hypoglycemia during beta adrenergic blockade 

with propanolol in patients with insulin dependent diabetes mellitus 

and in nondiabetic subjects. In nondiabetics the glucose counter-

regulation was unaffected by beta blockade, whereas in the patients 

with diabetes glucose recovery from hypoglycemia was significantly 

impaired. (Figure 7) Thus, any impairment in the insulin dependent 

diabetic patient's ability to secrete epinephrine in response to 

hypoglycemia could potentially lead to severe hypoglycemia. 

Since the work by Gerich in 1973, it has become increasingly clear 

that defective counterregulatory hormone responses are present in 

many patients with Type I diabetes. Table 1 shows a summary of stu-
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dies done by Polonsky et al. They studied 16 patients with Type I 

diabetes and compared them to 8 non-diabetic controls in terms of the 

counterregulatory hormone response to insulin induced hypoglcyemia. 

As a group, the diabetic patients had significant abnormalities in the 

counterregulatory hormone responses to insulin induced hypoglycemia. 

Figure 7 
(Poppet al, 1982) 

TABLE 1 

100~~~TROLS 

! ::t v---:.:r:: 
0 25 
u 
:;) 

\5 
<( 175 
::; 
"' ~ 150 
0.. 

125 

100 

50 

IDDM 

,,_..1 

TIME I m•nutes) 

Plasma glucose curves before a nd after the rapid intra\·enous injection of regular insulin (0.075 
U/ kg. arrows ) into nondiabetic controls and initially euglycemic {overnight insulin infused ) pat ient s 
with IDDM during infusion of saline f solid lines 1 a nd the nonselective J3-adrenergic antagonist pro
pranolol (dashed lines, f3 blockade). These idealized cun·es were derived from data published in 

re f. 20. 

. Basal and Peak Levels of Counterregulatory Hormones 
in Normal Controls and Diabetics.* 

Glucagon {pg/ml) 
Basal 
Peak 

Epinephrine {pglml) 
Basal 
Peak. 

Norepinephrine {pglml) 
Basal 
Peak 

Growth hormone {nglml) 
Basal 
Peak 

Cortisol {~tg/dl) 
Basal 
Peak 

CONTROLS 

N=8 

,62.4±14.9 
194.9±26.2 

60.6±9.0 
1060.9±177.7 

199.9±26.3 
655.6±68.5 

1.9±0.3 
63.3±8.1 

S.2± 1.2 
19.6±1.7 

DIABETICS 
N = 16 

71.1 ±12.9 

P VALUE 

92.9±18.1 . .. . <0.0001 

68.8±8.7 
653.4 ± 136.8 ... <0.113 

208.7±16.6 
587.6 ± 61.4 ... . NS 

4.7 ± 1.3 
37.2±5.1. . .. . <0.006 

7.2±1.4 
19.6±2.2 . . . . . NS 

"The significance of differences in lhe peak levels was assessed by analysis of covariance. 
Differences in basal levels were not significant by lhe t-test. 

(from Polonsky et al, 1982) 
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Bolli et al, (Figure 8) studied the effect of duration of diabetes 

and the presence of insulin antibodies on the abnormal glucose counter-

regulation in insulin dependent diabetes mellitus. They showed that 

impaired alpha cell secretion is the predominant mechanism for the 

delayed glucose response after insulin induced hypoglycemia in Type I 

diabetic patients who did not have insulin antibodies circulating in 

their serum and who had a normal epinephrine response to hypoglycemia. 

Slowed disappearance of insulin due to the presence of insulin antibo

dies further delays the restoration of normoglycemia. (Figure 9) The 

plasma glucagon response to hypoglycemia was inversely correlated to 

duration of the diabetes. (Figure 10) Patients with long standing 

diabetes and autonomic neuropathy also exhibit decreased epinephrine 

secretion in response to hypoglycemia which leads to an additional 

retardation of glucose recovery from hypoglycemia. Since the glucagon 

and epinephrine responses were normal early in the course of diabetes 

but diminished in long term diabetes, it appears that the impaired 

glucagon and epinephrine response to insulin-induced hypoglycemia are 

acquired defects that develop subsequent to beta cell failure. 

Figure 8 
(Bolli et al, 1983) 
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Figure 9 
(Bolli et al, 1983 ) 

Figure 10 
( Bo 11 i et al , 1983) 
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The Somogyi Phenomenon 

The hyperglycemia that follows hypoglycemia, (the Somogyi 

Phenomenon) from a clinical point of view, is well demonstrated in 

Figure 11 which shows blood glucose concentrations, quantitative 

glycosuria and the presence or absence of uri nary ketones over a 48 

hour period in a 12 year old patient with Type I diabetes mellitus. 

Note the sustained hyperglycemia, glycosuria and acetonuria which 

followed a decline in the plasma glucose level to approximately 60 

mg/dl. This type of clinical picture is identical to that described 

by Somogyi, and in fact, this patient like those of Dr. Somogyi 

responded to a gradual decrease in insulin dosage. 

Fig.ll Glucose in blood qualitative 
reactions for sugar and acetone, and 
quantitative amount of glucose in 
timed urine specimens. 
(Bruck et al, 1974) 
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Bloom et al, suggested from their studies that posthypoglycemic 

hyperglycemia was an important cause of 11 bri ttl e diabetes 11
• They 

studied 6 patients with insulin dependent diabetes on their clinical 

research unit, all of whom apparently 11 did better 11 on less insulin. 

They also made the point that if excessive insulin is being adminis-

tered, the dose should be gradually reduced, as a rapid reduction 
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tends to lead to excessive hyperglycemia. Figure 12 is an example of 

one patient reported by Bloom et al. Although it is true that glyco

suria was diminished on a smaller daily dose of insulin and the plasma 

glucose concentrations seemed more stable (this a tough call with only 

3-4 measurements per day), diabetic control on the lower insulin dose 

is not what I would consider adequate . I also would like to point out 

that in addition to reducing the total daily dose of insulin they also 

divided the daily dose of insulin into two inject ions . A manuever 

which would help smooth things out . 

Fig. 12. Quantitative glycosuria, qualitative 
urine tests for glucose and acetone, and blood 
glucose on hihg dose insulin, days 12 and 13 
and on a lower dose, days 22 and 23, showing 
better control of these param.eters on the 
lower dose. (Bloom · et al, 1969) 
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Rosenbloom and Giordano have long been proponents that "the most 

common cause for poor diabetic control in children and adolescents is 

the chronic overtreatment with insulin." Their data is based on 

treatment of 101 pediatric patients ages 2 - 21 years old over a 2 
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year period. They found that overtreatment occured in 70% of their 

patients overall and in 90% of those patients who were referred to 

them because of diabetic instability. On the average the daily insu-

1 in dosage was reduced by 38%. Un 1 ike Somogyi and B 1oom et a 1, they 

found that persistent glycosuria, ketonuria and exacerbation of 

hypoglycmic symptoms were more frequent with slow rather than with 

rapid reduction in insulin dosages. Table 2 gives some clinical clues 

to overinsulinization. 

TABLE 2 

CLINICAL CLUES OF OVERINSULINIZATION 

I. C lues uf n~lC rurna l h yr ngl ·cem1a 

A. Mnrning kcronuritt J1sprnrorr ionarc ttl glycosuria 

B. Soaked hc~tshc:er~ frtHn 1mctumal swearmg 

C . Bal_l Jn: ams \lT nightmares 

n. Morn ing grumrmess. he l\y .Khl.·, hcallad 1c 

E. H yporhcrml<l 

F. tv1inima l gh'Clbu n a 111 u \'l.'rn lghr qucmtlf<HI VC urint" Ctl ll ccr u m 

G. EJe,·;m:J Cllrti:-o l/crcaun ine r;Hhl Ill early 11\lHning urine speci men 

A. Rapid (4-6 h) 'iwings murine glw.::ose anJ acc:rone !rom r11:ganve ro 

largc spd b. 
B. \ViJ c swings in hlol'k.l glw::nse . unrdareJ ro meals 

C. G lycosuria much tlt th e da y w•r h c\'tJC"ncc llf noctu rna l h ypl1glyce m ia 

Ill . Other clues of o\'cnnsul in l:at lon 
A. lnsu lm Josi-\gc thar s igniti.cantly cxccells 1.0 U of insu lm ~r 

kilogram of hl'll.. ly w~ighr ra da y 

B. Hea~..lac ht:s 

C . Rapid wc ighr gain 

D. L~rhargy. Jcpressllm 
E. H epatomegaly 

This now brings us to the most important issue of all, that of 

nocturnal hypoglycemia. Nocturnal hypoglycemia because it usually is 

asymptomatic is thought by most to be the most frequent cause of the 

Somogyi Phenomenon. How common is nocturnal hypoglycemia? Table 3 

shows the incidence of nocturnal hypoglycemia in three separate studies. 
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TABLE 3 

INCIDENCE OF "ASYMPTOMATIC" NOCTURNAL HYPOGLYCEMIA 

NUMBER OF AGE NUMBER REF. 
PATIENTS GROUP HYPOGLYCEMIC 

34 CHILDREN 6 (18%) WINTER 

62 ADULTS 8 (13%) MOORE, ET. AL 

CHILDREN 22 (56%) 
GALE AND 

39 ADULTS TATTERSALL 

TOTAL 135 36 (27 %) 

"Asymptomatic" nocturnal hypoglycemia is a common finding in insu-

lin treated diabetic patients occuring in approximately 27% of pat-

tients. Although nocturnal hypoglycemia is more common in patients 

treated with intensive treatment programs, it also occurs quite often 

in patients treated with even a single daily dose of insulin. With 

the recent increase in the use of patient self monitoring of blood 

glucose levels patients and physicians have discovered that nocturnal 

asymptomatic hypoglycemia is very common in insulin treated diabetic 

patients. However, the question is not that nocturnal hypoglycemia 

does occur but does asymptomatic nocturnal hypoglycemia result in the 

clinical "posthypoglycemic hyperglycemia syndrome" described by 

Somogyi? This question is addressed in the following paragraphs. 

Winter, performed 24 hour glucose and counterregu 1 a tory hormone 

profiles on 34 randomly selected children with Type I diabetes. 

Asymptomatic nocturna 1 hypoglycemia was present in 18% ( 6/34). In 

these patients the nocturnal plamsa glucose declined at a rate of 

20-25 mg/dl/hr to a nadir of 50 mg/dl. The subsequent glucose incre-
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ment was 220 ~ 38 mg/dl and it occurred only after breakfast. Although 

it was greater than the glucose increment of 105 ~ 11 mg/dl in a group 

of children with daytime symptomatic hypoglycemia, or in 23 children 

with non-hypoglycemic profiles the level of hyperglycemia that 

occurred in the group with nocturnal hypoglycemia never exceeded 

values seen in the other two groups. In those patients with nocturnal 

hypoglycemia the only counterregulatory hormone released in excess was 

growth hormone. Thus, in this study, asymptomatic nocturnal hypogly

cemia was followed by a "rebound" of 220 mg/dl in glucose concentra

tion. This rebound required the ingestion of a meal and the blood 

glucose levels never exceeded 300 mg/dl. This seems a far cry from 

the syndrome described by Somogyi or that clinical picture as reflect

ed in the patient seen in Figure 11. 

Gale and Tattersall measured hourly blood glucose levels through

out the night in 39 unselected patients with insulin dependent diabetes 

melltius. Hypoglycemia (blood glucose level < 2 mmol/1 or 36 mg/dl) 

occurred in 22 patients and lasted 3 hours or longer in 17 patients. 

Figure 13 shows profound hypoglycemia lasting 8 hours in a 15 year old 

boy treated with two daily insulin injections. They reported that 

hypoglycemic symptoms were very mild or absent but 19 of their 22 

patients had other features of overtreatment with insu 1 in. These 

included lethargy, depression, night sweats, morning headaches, 

seizures (3 patients), glycogen- laden hepatomegly and an acquired 

tolerance to high doses of insulin. 



Fig. 13 ; Prolonged nocturnal hypo
glycemia in a 15-year-old boy on 
twice daily insulin who was taking 
soluble 12 units and isophane 28 
units as an evening dose. 
(Gale, et al 1979) 
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The best study, in my opinion, .which casts doubt on the importance 

of nocturnal hypoglycemia resulting in subsequent marked hyperglycemia 

comes from Gale, Kurtz, and Tattersall which was an outgrowth of the 

above mentioned study. They studied 15 patients ( 17 episodes) of 

asymptomatic untreated hypoglycemia (blood glucose less than 2 mmol/1 

[36 mg/dl]) that occurred between 11 p.m. and 3 a.m. After nocturnal 

hypoglycemia, the mean fasting blood glucose level at 7 o•clock in the 

morning ranged from 0. 7 - 17 mmole/1 (13-309 mg/dl) and was greater 

than 7.0 mmol/1 (127 ·mg/dl) in 6 patients. (Fig. 14) The 6 patients 

with apparent 11 rebound 11 hyperglycemia .. did not have higher levels of 

growth hormone, cortisol or glucagon than those who had little or no 

recovery of blood glucose levels. (Fig. 15) There was a c 1 ose 

inverse correlation (r=0.996 p(0.001) between blood glucose and free 

insulin levels suggesting that hyperglycemia, when it occurred after 

nocturnal hypoglycemia, was due to relative insulin deficiency in the 

latter part of the night. These data have lead these workers to 

suggest that fasting diabetics often have an impaired rather than 

excessive recovery of blood glucose after asymptomatic hypoglycemia. 
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Fig-.;_ 14- Blood-glucose and free-insulin 
concentrations (mean ± SEM) 

Fig. 15 Plasma concentration of growth 
hormone, cortisol, and glucagon in group 1 
and group 2 patients at onset of hypogly
caemia and the highest value reached in 
the nex 3 h. (Gale et al, 1980) 

Thus it seems clear, that under most circumstances, unless food is 

taken to relieve the symptoms, nocturnal hypoglycemia does not lead to 

a rapid and marked increase in the blood glucose level despite the 

release of counterregulatory hormones. In fact, hypoglycemia in a 

fasting, insulin treated patient can persist for hours. The eventual 

increase in the blood glucose concentration to hyperglycemic levels 

seems related more to a fall in free insulin concentrations than to a 

rise in counterregulatory hormone levels. (Figures 16 & 17) 
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Fig. 16. Relation between glucose and free 
insulin in a patient studied on two 
occassions. (Gale et al, 1980) 

Fig. 17. The relationship between glucose 
and free insulin (mean + SEM) after nocturnal 
hypoglycaemia in group l (triangles) and group 
2 (squares) (Gale et al, 1980) 

The importance of the free insulin levels with regard to the blood 

glucose response to counterregulatory hormones is well shown in a 

study by Shamoon et · a 1. These authors studied the mechanisms of 

rebound hyperglycemia in Type I diabetic patients who were receiving a 

constant infusion of insulin prior to and during an infusion of 

cortisol, epinephrine, and glucagon in doses designed to simulate the 

increments observed following insulin induced hypoglycemia. (Fig. 18, 

19, 20) Although the increment in plasma glucose that occurred with 

infusion of the counterregulatory hormones was five to seven fold 
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greater in the diabetics than it was in the normals, the plasma glu-

case level never exceeded 200 mg/dl. The mechanism for the observed 

increase in blood glucose level was thought to be an altered response 
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Fig. 18 Influence of diabetes on 
the response of glucose kinetics 
to cortisol infusion. Plasma 
glucose , glucose production , and 
glucose clearance were norma lized 
in the diabetics before cortisol 
administration by insuion of insulin 
which was then continued for the 
remainder of the s t udy. Chan ges in 
glucose kinetics in insulin- infused 
diabetics given cortisol (closed triangles) 
are compared with those observed in insulin
infused di abetics given s aline (open triangles) 
and in normal subjects given cortisol (closed 
circles). (Shamoon et al, 1980) 
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Fig. 19 Effect of cortisol and epi
nephrine infusion on the plasma 
concentrations of other anti-insulin 
hormones in insulin-infusi on diabetic 
subjects 0, cortisol; ~. epinephrine; 
~. saline. (Shamoon et al, 1980) 
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Fig. 20 Changes in plasma 
glucagon concentration and 
glucose kinetics in response 
to the infusion of glucagon 
in normal (closed circles) 
and insulin-infused diabetic 
subjects (closed triangles) 
(Shamoon et al, 1980) 
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POSSIBLE MECHANISMS FOR THE FAILURE TO OBSERVE THE SOMOGYI PHENOMENOM 

What are the possible explanations for the failure of hypoglycemia 

to provoke true rebound hyperglycemia in insulin treated diabetic 

patients? The first and most obvious explanation for this is some 

failure of the counterregulatory mechanisms in patients with insulin 

dependent diabetes . . As described previously, Gerich et al, first 

described the defective glucagon response to insulin induced hypogly-

cemia in diabetics as compared to normals. Maher et al, confirmed the 

defective glucagon release to hypoglycemia in patients with diabetes 

and further showed that defective glucagon secretion was even worse in 

patients with diabetic autonomic neuropathy. Hoeldtke et al, showed 

that two-thirds of patients with autonomic neuropathy have moderate to 

severe deficits in epinephrine secretion in response to hypoglycemia. 

As a result, these patients have a diminished or delayed glucose re

sponse following hypoglycemia, confirming the previously mentioned 
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work of Polonsky. Finally, Boden et al, recently reported the tragic 

case of a 46 year old man with Type I diabetes who was capable of 

synthesizing and releasing all of the counterregulatory hormones 

(Table 5) but did not secrete them appropriately in response to insu

lin induced hypoglycemia. (Figure 21) As a result, this patient had 

many severe and protracted hypoglycemia episodes which resulted in 

permanent brain damage. 

TABLE 5 

VARIABLE ARGI NINE TEST 

I· ARGININE ·I 
Time(min) - -30 - 15 0 /0 20 30 45 60 90 120 

Glucagon 72 74 64 178 288 290 256 200 152 150 
(pgj ml) 

Growth hormone 2.2 2.2 2.2 1.6 1.6 2.4 1.6 2.6 1.6 2.2 
(ngj ml) 

T RUDMILL· E XERCISE TEST 

EXERCISE 

Time(min)- 0 7.5 15 20 30 

Epinephrine 61 666 1791 157 77 
(pgj ml) 

Norepinephrine 576 2580 7584 2082 617 
(pgj ml) 

Cortisol (l'gj dl) 8.7 7 .8 6.8 7.6 12.3 
Growth hormone < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 

(ngjdl) 

GLUCAGON AND GROWTH HORMONE RESPONSES TO 
INTRAVENOUS ARGININE HYDROCHLORIDE (30 g INFUSED 
OVER 24 .MINUTES) AND EPINEPRHINE, NOREPINEPHRINE 
CORTISOL AND GROWTH HORMONE RESPONSES TO TREADMILL 
EXERCISE (6 km PER HOUR FOR 15 MINUTES) 



Fig. 21. Effect of intravenous 
(IV injection of insulin (0.1 U 
per kilogram of body weight) 
on plasma concentrations of 
glucose, epinephrine (EPI), 
norepinephrine (NOR-EPI), 
glucagon, cortisol, and human 
growth hormone (HGH) in a 
patient with diabetes. 
(Boden et al, 1981) 
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The future therapy of Type I diabetes mellitus is likely to 

involve the expanded use of intensive and innovative treatment 

programs which include the use of portable insulin infusion devices. 

All of these treatments improve the possibility of establishing and 

maintaining long-term normoglycemia. I feel it is important to 

recognize that chroniG euglycemia achieved with portable insulin infu-

sian devices may also effect the ability of the patient to 11 rebound 11 

from hypoglycemia. First of all, unlike conventional insulin therapy 

where free insulin levels tend to wane in the middle of the night and 

thus may be the direct cause for the typically observed early morning 

increase in blood glucose levels ( 11 The Dawn Phenomenon 11
), the use of 

infusion devices results in constant insulin levels. Thus, these 

patients are particularly at risk to prolonged nocturnal hypoglycemia 

should glucose counterregulation be defective. Figure 22 shows the 

plasma IRG profiles in Type I diabetic patients treated for several 
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weeks with either aggressive conventional therapy or with continuous 

subcutaneous insulin infusion using a portable insulin infusion 

device. Note the marked difference in the plasma IRG profile in the 

patients treated with CSII as compared to conventional treatment. 

Thus, in Type I diabetic patients who may have a defective glucagon 

response to hypoglycemia to begin with, treatment with portable insu-

lin infusion devices, with subsequent long-term near normoglycemia, 

causes in a further suppression of steady-state glucagon levels as 

compared to an aggressive conventional treatment program. Although 

the counterregu 1 a tory hormone responses to hypoglycemia have not as 

yet been studied in detail it has been shown by Bolli et al, that near 

normoglycemia for periods up to 20 days does not restore the glucagon 

response to hypoglycemia. It is possible also that long term nor-

moglycemia might even impair the epinephrine response to hypoglycemia, 

thus making recovery from hypoglycemia even more of a problem. 

Figure 22 

PLASMA GLUCOSE AND IRG LEVELS 
IN TYPE I DIABETICS DURING A 24 HOUR PERIOD 

OF OPTIMAL CONTROL WITH EITHER 
CONVENTIONAL INSULIN TREATMENT OR CSII 
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In an attempt to identify Type I patients who might be at an 

increased risk to severe hypoglycemia during intensive therapy, White 

et al, compared the response to hypoglycemia produced by a 60 minute 

infusion of regular insulin at a rate of 40 mU/kg body weight in 22 

Type I diabetic patients and 10 non-diabetic controls. Counterregu

lation was defective in 13 of the 22 patients (Figure 23), and in 3 of 

the patients with inadequate glucose counterregulation the study had 

to be terminated because of the development of neurologic symptoms of 

hypoglycemia. The presence or absence of peripheral or autonomic 

neuropathy and/or a hi story of previous severe hypoglycemia during 

conventional therapy were poor predictors as to the adequacy of glucose 

counterregulation. (Table 6) After completion of this study all 22 

patients were placed on an intensive treatment program. During 243 

patient months of intensive therapy one of the 13 patients classified 

as having adequate glucose counterregulation had 2 episodes of severe 

hypoglycemia. On the other hand, in the other group in 224 months of 

intensive therapy had a total of 46 episodes of severe hypoglycemia. 

These occurred in 8 of the 9 patients judged as having inadquate glu

cose counterregulation. Forty of these episodes occurred between 1:00 

- 5:00 AM and required the administration of subcutaneous glucagon or 

intravenous glucose. 

Figure 23 
(White et al, 1983) 

. Plasma Concent~ations ~f Glucagon, Epinephrine, Norepinephrine, and 
Cortisol (Means : S.E.) dunng lnlus10ns of Regular Insulin (40 mU per Kilogram per 
~our, A_rrow~) 1n 10 Normal Controls (Stippled Areas). in 13 Insulin-Dependent Pa
tients With. 01abetes_ Mellitus (lOOM) Who Had Adequate Glucose Counterregulation 

(•), and 1n 9 Insulin-Dependent Patients Who Had Inadequate Glucose Counter
regulation (o). 

To convert v~lues ~or cortisol to micromoles per liter, multiply by 0.029. To convert 
values for ep1nephnne and norepinephrine to nanomoles per liter, multiply by 0.0055 

and 0.0059, respeclively. 
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TABLE 6 
(White et al, 1983) 

Characteristics of 22 Patients with Insulin-Dependent 
Diabetes Mellitus at the Time of the Insulin-Infusion Test, Accord

ing to the Adequacy of Glucose Counterregulation. 

Age (yr) 

Duration of disease (yr) 

Neuropathy 
Peripheral 
Overt autonomic 

History of severe hypoglycemia 
during conventional therapy 

*Mean ±S.E.M. 

ADEQUATE INADEQUATE 

CouNTERilEGULATJON CouNTERilEGULA TJON 

(N = 13) (N = 9) 

28 .9±2.1 • 

9.8±2.1 

4 patients 
1 patient 

4 patients 

34.6±4.1 

15.9±2.8 

3 patients 
2 patients 

5 patients 

Another study by Polonsky et al, found no relation between the 

presence or absence of a history of severe clinical hypoglycemia and 

the plasma glucose or counterregulatory hormone response in 16 Type I 

diabetic patients. Although the insulin protocol was different 

(higher doses of insulin) there were no differences in the peak level 

of counterregulatory hormones in the 7 patients with a history of 

clinical hypoglycemia and in the 9 who did not have a past history of 

clinical hypoglycemia. (Table 7) 



TABLE 7 
(Polonsky et al, 1982) 
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Basal and Peak Levels of Counterregulatory Hormones 
and Rates of Glucose Production in Diabetics with and without 

Clinical Hypoglycemia. • 

DIABETICS WITH DIABETICS WITHOUT 

CLINICAL HYPOGLYCEMIA CLINICA L HYPCNJLYCENIA 

N=7 N=9 

Ra t (mg/kg!min) 
Basal 2 .35:!:0.48 1.99:!:0.18 
Peak 2.98:!:0.51 2.18:!:0.20 

Glucagon (pglml) 
Basal 73.6:!:2 .34 69 .2:!: 15 .2 
Peak 98.3:!:34 .7 88.8:!: 19.6 

Epinephrine (pglml) 
Basal 73.6:!:10.1 64.9:!: 13 .6 
Peak 613.3:!:252.1 684.6:!: 158.2 

Norepinephrine (pglml) 
Basal 223.6:!:29.1 197.0:!: 19.6 
Peak 576. 7:!:83 .9 596.1 :!:91.9 

Growth hormone (nglml) 
Basal 2.4:!:0.4 6.5 :!:2.2 
Peak 26.4:!:5 .7 45.6:!:6.8 

Conisol (~tgldl) 
Basal 8.4:!:2.6 6 .4:!:1.7 
Peak 20.1 :!:4.4 19.2 :!:2.3 

•None of the differences belween the peak levels in the groups, a.sses5ed by analysis of 
covariance, or the basal levels , assessed by the t-test, were significanl. 

tRa denotes rate of glucose production. 

SUMMARY 

Post hypoglycemic hyperglycemia (the Somogyi phenomenon) probably 

occurs in insulin treated diabetics patients. However, it is not as 

common as has been suggested. When it does occur it is most likely to 

be seen in children and adolescents, or other insulin-dependent diabetic 

patients with a short duration of diabetes. Marked hyperglycemia 

( )220 mg/dl) after hypoglycemia is usually related to the ingestion 

of a meal (often too large) in an attempt by the patient to relieve 

the symptoms of hypoglycemia. 

Post hypoglycemic hyperglycemia correlates best with falling 

plasma insulin levels, rather than increasing blood concentrations of 

counterregulatory hormones, whose secretion may be defective in insu-

lin dependent diabetics. In fact, the failure of the Somogyi phenome-

non to occur, may put insulin-dependent diabetic patients at an 

increased risk to the potential lethal consequences of nocturnal 

hypoglycemia. 
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