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Background: Elevated levels of cortisol and growth hormone are critical counterregulatory responses to severe hypoglycemia.
However, the proportion and clinical characteristics of patients with type 2 diabetes mellitus (DM) who fail to show appropriate cor-
tisol and/or growth hormone secretion in response to severe hypoglycemia have not been investigated.

Methods: We measured plasma cortisol and growth hormone levels in type 2 DM patients with severe hypoglycemia who visited
the emergency department between 2006 and 2015.

Results: Of 112 hypoglycemic patients, 23 (20.5%) had an impaired cortisol response (<18 pg/dL) and 82 patients (73.2%) had an
impaired growth hormone response (<5 ng/mL). Nineteen patients (17.0%) had impaired responses to both cortisol and growth hor-
mone. The patients with impaired responses of cortisol, growth hormone, and both hormones were significantly older and more like-
ly to be female, and had higher admission rates, lower growth hormone levels, and lower adrenocorticotropic hormone levels than
the patients with a normal hormonal response. Multivariate logistic regression analysis indicated that an impaired growth hormone
response was significantly associated with advanced age, shorter DM duration, a higher admission rate, and a higher body mass in-
dex (BMI). An impaired cortisol response was significantly associated with growth hormone levels. Patients with an impaired
growth hormone response had higher admission rates than patients with a normal response.

Conclusion: A considerable number of type 2 DM patients had impaired cortisol and/or growth hormone responses to severe hypo-
glycemia. Advanced age, shorter DM duration, and higher BMI were independently associated with an abnormal growth hormone
response.
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INTRODUCTION the most unwanted acute complication in the treatment of diabe-
tes. In 2004, the American Diabetes Association defined five
Hypoglycemia is a major obstacle to tight glycemic control and ~ categories of hypoglycemia based on glucose levels and the ac-
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companying symptoms. Within this categorization, severe hy-
poglycemia is defined as an event that requires assistance of an-
other person who actively takes resuscitative actions, and it can
result in brain injury, seizures, coma, and even death [1]. Severe
hypoglycemia has been confirmed to show an association with
an increased risk of cardiovascular events and death [2,3]. Re-
current hypoglycemic events also increase the risk of dementia
and reduce quality of life [4]. Therefore, the balance between
ensuring optimal glucose control to prevent chronic diabetic
complications and avoiding hypoglycemia is key to the treat-
ment of diabetes.

A gradual decline in plasma glucose concentrations leads to a
sequence of neuroendocrine counterregulatory responses, which
comprise a physiological defense mechanism that restores balance
and prevents hypoglycemia. In healthy individuals, when plasma
glucose level falls within the physiological range (>80 mg/dL
or 4.4 mmol/L), insulin secretion by pancreatic -cells decreas-
es. When the plasma glucose level falls just below the physiolog-
ical range (65 to 70 mg/dL or 3.6 to 3.9 mmol/L), counterregu-
latory hormones are released. This includes glucagon from pan-
creatic a-cells, and epinephrine as part of the sympathoadrenal
response. These hormones result in various warning symptoms
and metabolic alterations to defend against the aggravation of
hypoglycemia. In contrast to the rapid effects of glucagon and
epinephrine on glucose regulation, the effects of cortisol, growth
hormone, and other critical counterregulatory hormones during
severe hypoglycemia are delayed. Growth hormone and cortisol
start to be released at glucose levels of 66 mg/dL (3.7 mmol/L)
and 58 mg/dL (3.2 mmol/L) respectively, stimulating gluconeo-
genesis, ketogenesis, and lipolysis in liver and adipose tissues
[5].

The important role of the sympathoadrenal response in pro-
tecting against severe hypoglycemia has been widely studied
[6]. Changes in counterregulatory hormone responses to hypo-
glycemia in healthy subjects have also been studied. Rizza et al.
[7] and Feldman et al. [8] found that growth hormone and corti-
sol may not be essential for the recovery of hypoglycemia.
Rather, glucagon and epinephrine can contribute to the recovery
of normal glucose levels after insulin-induced hypoglycemia
[7,8]. Interestingly, Boyle and Cryer [9] found that patients with
deficient cortisol and growth hormone levels due to hypopituita-
rism had significantly lower glucose levels than healthy people.

The role of growth hormone and cortisol responses in effec-
tive glucose counterregulation during severe hypoglycemia has
not been addressed in patients with type 2 diabetes. The charac-
teristics of type 2 diabetes patients with impaired cortisol and/or
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growth hormone response also have not been described.

In this study, we investigated the prevalence of impaired cor-
tisol and/or growth hormone counterregulatory responses in pa-
tients with type 2 diabetes during severe hypoglycemia and
evaluated the factors associated with impaired hormonal re-
sponses.

METHODS

Study subjects

We reviewed the medical records of patients with type 2 diabe-
tes who visited the emergency department of Konkuk Universi-
ty Medical Center with severe hypoglycemia from August 2006
to December 2015 with available data about cortisol and growth
hormone levels. Severe hypoglycemia was defined as a plasma
glucose level <40 mg/dL with loss of consciousness. Only hy-
poglycemic patients with plasma glucose level <40 mg/dL and
loss of consciousness at the time of emergency department ad-
mission were included in this study. We excluded subjects with
(1) type 1 diabetes, (2) any history of glucocorticoid and/or
growth hormone administration (including patients with a histo-
ry of pituitary disease), (3) a serum albumin level <3 g/dL, (4)
no growth hormone data, and (5) cardiac arrest with unknown
origin. A total of 112 patients were enrolled. We collected data
about age, sex, duration of diabetes, number of episodes of se-
vere hypoglycemia, admission rate, anthropometric measure-
ments (including blood pressure, heart rate, and body mass in-
dex [BMI]), comorbidities, and medications. Laboratory data
were also collected, including growth hormone, cortisol, adre-
nocorticotropic hormone (ACTH), glucose, hemoglobin Alc
(HbAlc), C-peptide, insulin, glucagon, hemoglobin, albumin,
blood urea, creatinine, electrolyte, calcium, phosphate, and liver
enzyme levels.

This study protocol was approved by the Institutional Review
Board of Konkuk University Medical Center (KUH1011002).
The informed consent from the participants was waived from
the Institutional Review Board as it was a retrospective analysis
based on existing data sets for routine patient care.

Measurements of cortisol and growth hormone

Blood samples were obtained at the time of arrival to the emer-
gency unit to check serum cortisol and growth hormone con-
centrations. Cortisol and growth hormone levels were measured
on a Siemens ADVIA Centaur XP analyzer (Siemens Diagnos-
tics, Deerfield, IL, USA) and a Siemens Immulite 2000 analyzer
(Siemens Diagnostics, Malvern, PA, USA), respectively, using
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automated chemiluminescent immunometric assays. Serum cor-
tisol levels above 18 pg/dL and growth hormone levels above
5 ng/mL during severe hypoglycemic episodes were considered
to indicate a normal response [10,11].

Statistical analysis

Data were analyzed with SPSS version 17.0 (SPSS Inc., Chica-
go, IL, USA), and P values <0.05 were considered to indicate
statistical significance. Data are represented as mean = standard
deviation or median (interquartile range [IQR]) for continuous
variables and as number and percentage for categorical vari-
ables. Statistical significance for comparisons between two
groups (normal group vs. other groups) was tested using the in-
dependent ¢ test or the Mann-Whitney test for continuous vari-
ables. Categorical variables were compared using the Pearson
chi-square test or the Fisher exact test. Multiple logistic regres-
sion models (adjusted) for an abnormal cortisol response (serum
cortisol <18 pg/dL), an abnormal growth hormone response
(serum growth hormone <5 ng/mL), and an abnormal cortisol

Table 1. Baseline Characteristics

Characteristic Total

Age, yr 76.0 (69.0-82.0)

Male sex 62/112 (55.4)
Duration of diabetes mellitus, yr 10.0 (5.0-20.0)

Total episodes of severe hypoglycemia 0(0.0-0.0)
Admission rate 32/108 (29.6)

BMI, kg/m* 22.9+3.6

SBP, mm Hg 13724224
Glucose, mg/dL 27.5(23.0-32.75)
HbAlc, % 6.3(5.6-7.1)
C-peptide, ng/mL 4.6 (1.4-8.6)

Insulin, pIU/mL 18.7 (7.4-35.5)
Glucagon, pg/mL 75.0 (57.5-108.5)

GH, ng/mL 1.5(0.6-5.9)
Cortisol, pg/dL 24.7(19.0-29.5)
ACTH, pg/mL 42.6 (25.5-80.6)
Albumin, g/dL 3.81£04
Creatinine, mg/dL 1.1(0.8-1.5)

¢GFR, mL/min/1.73 m? 59.3+254

Values are expressed as median (interquartile range), number (%), or
mean=®SD.

BMI, body mass index; SBP, systolic blood pressure; HbA1c, hemoglo-
bin Alc; GH, growth hormone; ACTH, adrenocorticotropic hormone;
eGFR, estimated glomerular filtration rate.
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and growth hormone response were constructed using predic-
tors that were entered to estimate the odds ratio (OR) with a
95% CL

RESULTS

Baseline characteristics

Of the 112 patients with severe hypoglycemia, 62 (55.4%) were
male. Their median age was 76.0 years (IQR, 69.0 to 82.0) and
the median duration of diabetes was 10.0 years (IQR, 5.0 to
20.0). The median blood glucose level at the time of severe hy-
poglycemia was 27.5 mg/dL (IQR, 23.0 to 32.75) and the medi-
an HbAlc was 6.3% (IQR, 5.6% to 7.1%). The median C-pep-
tide and insulin levels were 4.6 ng/mL (IQR, 1.4 to 8.6) and
18.7 uIU/mL (IQR, 7.4 to 35.5), respectively. The median corti-
sol, growth hormone, and ACTH levels were 24.7 pg/dL (IQR,
19.0 to 29.5), 1.5 ng/mL (IQR, 0.6 to 5.9), and 42.6 pg/mL
(IQR, 25.5 to 80.6), respectively (Table 1).

Prevalence of patients with impaired cortisol and/or
growth hormone response during severe hypoglycemia

Of the 112 hypoglycemic patients, 23 (20.5%) showed an im-
paired cortisol response (<18 pg/dL), 82 (73.2%) showed an
impaired growth hormone response (<5 ng/mL), and 19 pa-
tients (17.0%) impaired responses of both cortisol and growth
hormone (Fig. 1).

Growth
hormone

Both hormones
normal response
n=26(23.2%)

5ng/mL

Impaired growth
hormone response only
n=63 (56.3%)

S

>
Cortisol

18 pg/dL

Fig. 1. Number of patients with impaired cortisol and/or growth hor-
mone response during severe hypoglycemia. The impaired cortisol
response group includes patients with an impaired cortisol response
only (blue box) and those with impaired responses of both hormones
(purple box). The impaired growth hormone response group in-
cludes patients with an impaired growth hormone response only (red
box) and an impaired response of both hormones (purple box).
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Comparison of clinical characteristics between patients
with an impaired cortisol and/or growth hormone
response and those with a normal response

To investigate the characteristics of patients with an impaired
cortisol and/or growth hormone counterregulatory response, we
compared them with patients who had normal hormonal re-
sponses (Table 2).

The patients with an impaired cortisol response were older
(77.0 years [IQR, 71.0 to 80.0] vs. 70.0 years [IQR, 55.8 to 75.5],
P=0.012) and more likely to be female (43.5% vs. 80.8%, P=
0.007), and had a shorter duration of type 2 diabetes (8.0 years
[IQR, 1.5 to 12.5] vs. 17.5 years [IQR, 5.0 to 30.0], P=0.033), a
higher admission rate (28.6% vs. 4.0%, P=0.036), a lower growth
hormone response (0.9 ng/mL [IQR, 0.49 to 4.27] vs. 14.9 ng/mL
[IQR, 6.5 t029.4], P<0.001), a lower ACTH response (25.9 pg/mL
[IQR, 11.1 to 46.1] vs. 75.5 pg/mL [IQR, 49.7 to 31.8.8], P<
0.001), and lower creatinine levels (1.0 mg/dL [IQR, 0.8 to 1.4]

vs. 1.4 mg/dL [IQR, 1.0 to 2.9], P=0.022) than patients with a
normal hormonal response. Higher admission rate means the
percentage of patients who are admitted to the hospital from the
emergency department due to hypoglycemia.

The patients with an impaired growth hormone response were
older (78.0 years [IQR, 71.8 to 84.0] vs. 70.0 years [IQR, 55.8 to
75.5], P=0.001) and more likely to be female (47.6% vs. 80.8%,
P=0.003), and had a higher admission rate (38.0% vs. 4.0%,
P=0.001), a lower ACTH response (37.6 pg/mL [IQR, 24.8 to
70.4] vs. 75.5 pg/mL [IQR, 49.7 to 318.8], P<0.001), lower albu-
min levels (3.8+£0.4 g/dL vs. 4.010.4 g/dL, P=0.004), lower cre-
atinine levels (1.0 mg/dL [IQR, 0.8 to 1.3] vs. 1.4 mg/dL [IQR,
1.0 to 2.9], P=0.007), and a higher estimated glomerular filtra-
tion rate (63.2£23.8 mL/min/1.73 m? vs. 48.2+£28.7 mL/min/
1.73 m?, P=0.009) than patients with a normal hormonal re-
sponse.

The patients with impaired responses to both cortisol and

Table 2. Characteristics of Patients with Impaired Counterregulatory Responses of Cortisol (<18 pg/dL) and Growth Hormone (<5 ng/mL)
to Severe Hypoglycemia
Chareterietic Normal hormone Impaired cortisol response Impaired GH response mp dlltdh:;slgz::l:: ofboth
o Value P value Value P value Value P value
Age, yr 70.0 (55.8-75.5) 77.0 (71.0-80.0) 0.012 78.0 (71.8-84.0) 0.001 77.0 (72.0-80.0) 0.013
Male sex 21/26 (80.8) 10/23 (43.5) 0.007 39/82 (47.6) 0.003 8/19 (42.1) 0.007
Duration of DM, yr 17.5(5.0-30.0) 8.0 (1.5-12.5) 0.033 10.0 (5.0-20.0) 0.076 9.0 (3.0-20.0) 0.072
Total episodes of severe 0(0.0-1.0) 0(0.0-1.0) 0.950 0(0.0-0.0) 0.291 0(0.0-1.0) 0.850
hypoglycemia
Admission rate 1/25 (4.0) 6/21 (28.6)" 0.036 30/79 (38.0) 0.001 5/17 (29.4) 0.032
BMI, kg/m* 20.9+3.3 22.7+3.8 0.169 23.4+3.6" 0.012 22.1+£4.0 0.414
SBP, mm Hg 137.0(116.5-149.5)  130.0(117.0-141.0) 0450  137.0(121.0-156.0) 0.842  130.0(117.5-150.5)  0.639
Glucose, mg/dL 26.0£7.1 27.1+£72 0.570 28.0£7.6 0.236 27.5+72 0.421
HbAlc, % 6.4 (5.85-7.83) 6.3 (5.4-7.0) 0.372 6.2 (5.6-6.9) 0.187 6.2 (5.4-7.0) 0.290
C-peptide, ng/mL 1.6 (0.3-11.3) 6.4(2.96-12.79) 0.052 5.3(2.6-8.2) 0.201 6.4 (3.42-12.35) 0.041
Insulin, uIU/mL 15.7(2.1-38.9) 24.9 (12.6-50.5) 0.125 18.7 (8.7-34.3) 0.487 24.9 (12.6-50.5) 0.186
Glucagon, pg/mL 94.5(61.5-119.8) 78.0 (60.0-99.0) 0.385 72.0 (56.8-110.3) 0.326 78.0 (62.0-98.0) 0.463
GH, ng/mL 14.9 (6.5-29.4) 0.9(0.494.27)  <0.001 0.9 (0.41-2.0) <0.001 0.8(0.47-0.94)  <0.001
Cortisol, pg/dL 24.2(22.2-29.2) 13.5(8.7-16.4) <0.001 25.0(18.4-30.6) 0.693 13.5(6.7-16.4) <0.001
ACTH, pg/mL 75.5(49.7-318.8) 259(11.146.1)  <0.001 37.6(24.8-70.4)  <0.001 25.6(13.0-46.9)  <0.001
Albumin, g/dL 4.0£0.4 3.9+04 0.469 3.8+£04 0.004 39104 0.191
Creatinine, mg/dL 1.4 (1.0-2.9) 1.0 (0.8-1.4) 0.022 1.0 (0.8-1.3) 0.007 1.0 (0.8-1.4) 0.014
eGFR, mL/min/1.73 m? 48.2+28.7 59.8422.5 0.126 63.2+23.8 0.009 61.8+£23.6 0.098
Values are expressed as median (interquartile range), number (%), or mean=+SD.
GH, growth hormone; DM, diabetes mellitus; BMI, body mass index; SBP, systolic blood pressure; HbA 1c, hemoglobin Alc; ACTH, adrenocorticotrop-
ic hormone; eGFR, estimated glomerular filtration rate.
*P<0.05.
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growth hormone were older (77.0 years [IQR, 72.0 to 80.0] vs.
70.0 years [IQR, 55.8 to 75.5], P=0.013) and more likely to be
female (42.1% vs. 80.8%, P=0.007), and had a higher admis-
sion rate (29.4% vs. 4.0%, P=0.032), higher C-peptide levels
(6.4 ng/mL[IQR, 3.42 to 12.35] vs. 1.6 ng/mL [IQR, 0.3 to 11.3],
P=0.041), a lower ACTH response (25.6 pg/mL [IQR, 13.0 to
46.9] vs. 75.5 pg/mL [IQR, 49.7 to 318.8], P<0.001), and lower
creatinine levels (1.0 mg/dL [IQR, 0.8 to 1.4] vs. 1.4 mg/dL
[IQR, 1.0 to 2.9], P=0.014) than patients with a normal hor-
monal response.

Predictive factors of impaired cortisol and/or growth
hormone responses
Logistic regression analysis was performed to evaluate the pre-
dictive factors of impaired cortisol and/or growth hormone
counterregulatory responses during severe hypoglycemia (Table
3). An impaired cortisol response was positively associated with
advanced age (OR, 1.070; P=0.044) and a higher admission
rate (OR, 21.265; P=0.015), and negatively associated with
male sex (OR, 0.208; P=0.021), duration of type 2 diabetes
(OR, 0.942; P=0.042), growth hormone levels (OR, 0.669; P=
0.004), and ACTH levels (OR, 0.962; P=0.007). The multivari-
ate analysis confirmed that a higher risk of an impaired cortisol
response was associated with age (OR, 1.131; P=0.030),
whereas a lower risk was associated with male sex (OR, 0.104;
P=0.035). Furthermore, an impaired cortisol response was as-
sociated with a higher admission rate (OR, 40.406; P=0.010).
In comparison to patients with a normal hormonal response,
an impaired growth hormone response was positively associated
with age (OR, 1.046; P=0.019), a higher admission rate (OR,
12.059; P=0.020), and BMI (OR, 1.317; P=0.011), and nega-
tively associated with male sex (OR, 0.281; P=0.024) and dura-
tion of type 2 diabetes (OR, 0.950; P=0.036). Multiple logistic
regression analysis showed that an impaired growth hormone re-
sponse was associated with age (OR, 1.083; P=0.034), duration
of type 2 diabetes (OR, 0.869; P=0.015), a higher admission
rate (OR, 12.919; P=0.043), and BMI (OR, 1.577; P=0.010).
We also analyzed impaired responses of both cortisol and
growth hormone as a dependent variable. Logistic regression
analysis showed that an impaired response of both hormones
was positively associated with age (OR, 1.082; P=0.029) and a
higher admission rate (OR, 39.822; P=0.011), whereas a nega-
tive association was shown with male sex (OR, 0.218; P=0.021)
and ACTH levels (OR, 0.966; P=0.019). However, multiple lo-
gistic regression analysis found that no risk factors were signifi-
cantly associated with impaired responses of both hormones.
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DISCUSSION

In this study, we showed that considerable numbers of patients
with type 2 diabetes had blunted counterregulatory responses of
cortisol and/or growth hormone to severe hypoglycemia; 20.5%
and 73.2% of type 2 diabetes patients showed an impaired corti-
sol or growth hormone response, respectively, which is a much
higher prevalence than has been observed in the general popula-
tion [11,12]. The prevalence of hormone deficiencies in the gen-
eral population is as follows: 0.015% to 0.028% for primary ad-
renal insufficiency, 0.0093% to 0.0144% for secondary adrenal
insufficiency, and 0.001% for growth hormone deficiency.
Therefore, the high prevalence of impaired cortisol levels and
growth hormone deficiency in patients with type 2 diabetes is
very unusual.

The exact causes of the impaired cortisol or growth hormone
response in each subject is unclear. The counterregulatory corti-
sol or growth hormone response is mainly regulated through the
central nervous system (CNS) [13]. Whether an impaired corti-
sol or growth hormone response to hypoglycemia is causally re-
lated to severe hypoglycemia or reflects disrupted integrity of
CNS function, leading to susceptibility to hypoglycemia, should
be investigated in further studies. Furthermore, we need to con-
sider the possibility that some of these patients may have had
adrenal insufficiency or growth hormone deficiency, and further
investigations should assess whether patients with an impaired
hormonal response need hormone replacement therapy.

Many studies have investigated the various factors that affect
the strength of the counterregulatory response in healthy per-
sons. The recurrence of hypoglycemia blunted the acute coun-
terregulatory response to subsequent hypoglycemia [14-16].
Other studies have shown that antecedent exercise, stimulation
of the hypothalamic-pituitary-adrenal axis, age, and female sex
blunted the counterregulatory response in healthy persons [17-
22]. Hyperinsulinemia can also weaken the counterregulatory
response to hypoglycemia [23]. However, few studies have in-
vestigated factors affecting the counterregulatory response to
hypoglycemia in patients with type 2 diabetes. We analyzed the
characteristics and risk factors of type 2 diabetes patients with a
normal hormonal response, an impaired cortisol response, an
impaired growth hormone response, and impaired responses of
both cortisol and growth hormone.

When we compared the characteristics of patients who had an
impaired cortisol and/or growth hormone response to those of
patients with a normal hormonal response during severe hypo-
glycemia, those with an impaired cortisol and/or growth hor-
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mone response were significantly older, showed a female pre-
dominance, had a higher admission rate, and had lower ACTH
levels. The patients with impaired responses of both cortisol and
growth hormone showed higher C-peptide levels, whereas C-
peptide levels were not significantly elevated in those with only
an impaired cortisol response or an impaired growth hormone
response. Since C-peptide levels reflect blood insulin levels,
high levels of C-peptide in the impaired hormone response
group is consistent with the previous result that hyperinsu-
linemia suppresses the counterregulatory hormone response to
hypoglycemia in normal individuals [23]. The admission rates
were significantly higher in patients with impaired cortisol and/
or growth hormone responses than in those with a normal hor-
monal response. It is noteworthy that patients with abnormal
hormonal responses were more likely to be hospitalized and
may have had more severe conditions than those with a normal
hormonal response.

Multiple logistic regression analysis demonstrated that an im-
paired response of growth hormone was associated with age, fe-
male sex, duration of type 2 diabetes, the admission rate, and
BMI. Age, duration of type 2 diabetes, and BMI were confirmed
to be significant risk factors for an impaired growth hormone
response in the multivariate analysis. A study about inducing
hypoglycemia in normal people showed that growth responses
were significantly lower in female than in male during hypogly-
cemia, and there was no difference in cortisol response between
male and female [22]. The results of this study suggest that there
may be a difference between male and female in the growth
hormone response. Johannsson et al. [24] reported that body fat
and lean body mass were inversely correlated with growth hor-
mone during growth hormone treatment in growth-hormone—
deficient adults. We found that overweight type 2 diabetes pa-
tients might have a higher risk of an impaired growth hormone
response during severe hypoglycemia. A shorter duration of dia-
betes diagnosis tends to lower blood glucose targets, and low
glycemic target may increase the frequency of recurrent hypo-
glycemia. We carefully think that the increased frequency of re-
current hypoglycemia might lead to more abnormal counterreg-
ulatory responses.

The current study had several limitations, including a small
number of patients, a retrospective design, and the fact that it
only presented experiences from one tertiary center. However,
to our knowledge, this is the first report to explore impaired
counterregulatory cortisol and/or growth hormone responses to
severe hypoglycemia in patients with type 2 diabetes. We ex-
plored the characteristics of type 2 diabetes patients who

Copyright © 2019 Korean Endocrine Society

showed inappropriate cortisol and growth hormone responses to
severe hypoglycemia and attempted to identify the correspond-
ing risk factors. Our findings underscore the importance of
maintaining a higher HbAlc target in older patients, and espe-
cially women, to avoid hypoglycemia and the fact that patients
with recurrent hypoglycemia and frequent admissions due to
hypoglycemia require a further diagnostic evaluation of cortisol
and/or growth hormone deficiencies.
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