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The frequency of the dawn phenomenon has been studied in non-insulin-dependent diabetic (NIDDM)
patients while they continued with their conventional therapy. Plasma glucose (PG) and immuno'
reactive insulin (IRI) were estimated hourly from 0300 to 0900 h in 19 NIDDM patients; 9 patients
were treated by diet alone (group 1), and 10 patients were treated by diet and oral hypoglycemic agents
(group 2). The dawn rise of plasma glucose was demonstrated in 17 (89.5%) of the 19 patients with
mean ± SE plasma glucose at 0300 h of 7.0 ± 0.5 mM and at 0800 h of 8.4 ± 0.6 (P < .01). IRI
in all patients rose from 14.7 ± 1.3 |xU/ml at 0500 h to 18.1 ± 1.8 |xU/ml at 0700 h (P < .05).
The changes in IRI levels at any time from 0300 to 0800 h in groups 1 and 2 when considered separately
were insignificant. Thus, the dawn phenomenon occurs commonly in NIDDM patients taking their
conventional therapy. Diabetes Care 10:461-65, 1987

The dawn phenomenon is a condition described in
diabetic and normal subjects that is characterized
by a continuous increase in fasting levels of plasma
glucose, insulin requirements, or both that occurs

between 0500 and 0900 h. Several alternative names have
been given to this rise in blood glucose, including paradoxical
glucose rise (1), early-morning glucose rise (2,3), and diurnal
glucose rhythm (4). An overnight rise in blood glucose levels
during fasting was noted by Hatlehol (1) as long ago as 1924,
and this observation was reported by Izzo (4) in 1949. How-
ever, these findings had little influence on the management
of diabetic patients, and it is only in the last few years that
interest in the changes in plasma glucose during the sleeping
hours has developed.

There have been many studies of these changes, but most
have been in IDDM patients under situations such as con-
ventional insulin therapy (3,5), continuous intravenous in-
fusion (6), continuous subcutaneous insulin infusion (7—9),
and a closed-loop device (10-14). In NIDDM patients, only
three previous studies demonstrated the dawn phenomenon,
all under unusual conditions. Patients were assessed during
4-h intervals of feeding in the first study (4), during a period
of fasting for 72 h in the second (2), and while using a closed-
loop device in the third (13).

The mechanisms responsible for this phenomenon have
not been established. In most cases it is not a rebound hy-

perglycemia to nocturnal hypoglycemia (5,15). The early-
morning rise of cortisol has been proposed as a possible mech-
anism, but metyrapone blockade (11) or dexamethasone
suppression (16) did not abolish the need for increase in
insulin delivery during the dawn period. A primary role for
increased insulin clearance (14,17) seems unlikely because
plasma insulin concentrations increase in the early morning
in nondiabetic subjects (18,19) and NIDDM patients (2).
Other possible causes of the dawn phenomenon, such as a
relative insulin deficiency in the early morning (15) or a
nocturnal surge of growth hormone (20), have been sug-
gested. To assess the frequency of the dawn phenomenon in
NIDDM patients on conventional therapy, two groups were
studied from 0300 to 0900 h.

SUBJECTS AND METHODS

The subjects were 9 NIDDM patients treated by diet alone
and 10 NIDDM patients treated by diet and oral hypogly-
cemic agents (5 on glibenclamide, 5 on chlorpropamide).
Clinical information about both groups is included in Table
1. The range of glibenclamide doses was 2.5-20 mg/day,
taken once or twice a day; the range of chlorpropamide doses
was 100-374 mg/day once a day. The patients were selected
from the general clinic population only on the basis of their
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TABLE 1
Clinical details and treatment of 19 non-insulin-dependent diabetic patients

Patients Treatment
Sex Duration of Clinical

n (F/M) Body weight (kg) Age (yr) diabetes (yr) Proteinuria neuropathy Retinopathy

Group
Group
Total

1
2

Diet alone
Diet + hypoglycemic agents*
As above

9
10
19

4/5
2/8
6/13

76.
66.
71.

3 ± 3.
7 ± 3 .
2 ± 2.

9
3
7

57.
60.
59.

9 ± 3.
2 ± 2.
1 ± 2.

4
9
2

6.
10.
8.

5 ± 1.
6 ± 2.
6 ± 1.

4
0
3

2
2

Values for body weight, age, and duration of diabetes are means ± SE.
'100-375 mg chlorpropamide/day or 2.5-20 mg glibenclamide once or twice a day.

willingness to cooperate and entered our study if they did
not have any of the exclusion criteria. The exclusion criteria
were a body mass index >27.O kg/m2 in women or >27.5
kg/m2 in men, a recent history of trauma, myocardial in-
farction, or respiratory failure or serious renal, hepatic, car-
diovascular, or cerebrovascular disease. Secondary diabetes
and medication that may interfere with plasma glucose (PG)
and immunoreactive insulin (IRI) measurement were also
exclusion criteria.

Informed consent was obtained from all patients. The usual
diet and conventional therapy (where applicable) were con-
tinued during the study (last meal at 1800 h). At 2000 h an
indwelling cannula was placed in the antecubital vein and
kept patent with normal saline for intermittent blood sam-
pling; hourly blood samples were taken from 0300 to 0900
h for PG and IRI. The samples were centrifuged immediately
in a refrigerated centrifuge (4°C), and the plasma was stored
at — 20°C to be assayed by the glucose oxidase method for
PG and by radioimmunoassay as described by Heding (21)
for IRI. A sample for HbAj assessment (Boehringer chro-
matographic method) was taken at 0800 h. Disturbance of
the patient was kept to a minimum. Breakfast and the usual
medication (when applicable) were given after the 0800-h
sample was taken. Statistical evaluations were performed by

two-way analysis of variance and the least significant differ-
ence (LSD) test. All results were expressed as means ± SE.

RESULTS

The PG changes from 0300 to 0800 h showed a continuous
rise to a maximum level at 0800 h in all 19 patients and in
those on oral hypoglycemic agents (group 2) when considered
separately (Figs. 1-3). For those on diet alone (group 1) a
similar continuous rise in PG was found from 0300 to 0700
h, with no change in PG between 0700 and 0800 h. In group
1 the plasma glucose increased from 7.0 ± 0.7 raM at 0300
h to 7.8 ± 0.8 mM at 0700 and 0800 h (P < .01). In group
2 the plasma glucose increased from 7.0 ± 0.8 mM at 0300
h to 8.7 ± 0.8 mM at 0800 h (P < .01). When the data
from both groups were pooled (19 NIDDM patients), the PG
increased from 7.0 ± 0.5 mM at 0300 h to 8.4 ± 0.6 mM
a t 0 8 0 0 h ( P < .01).

The changes in IRI at any time from 0300 to 0800 h in
groups 1 and 2 considered separately were not significant
(Figs. 1 and 2), but when the groups were combined, IRI
levels increased from 14.7 ± 1.3 |xU/ml at 0500 h to
18.1 ± 1.8 fJiU/ml at 0700 h, and this reached statistical
significance (P < .05) (Fig. 3).

The changes in the mean IRI/PG ratios at any time from

TABLE 2
Least significant difference (LSD) values and means of plasma glucose (PG), immunoreactive insulin (IRI), and IRI/PG ratios from 0300 to 0800 h in
19 non-insulin-dependent diabetic patients

Patients

Group 1
PG(mM)
IRI (jiU/ml)
IRI/PG

Group 2
PG(mM)
IRI (jiU/ml)
IRI/PG

Total
PG (mM)
IRI (jtU/ml)
IRI/PG

0300 h

7.0
17.3
2.5

7.0
15.8
2.5

7.0
16.5
2.5

0400 h

7.2
16.2
2.3

7.4
14.8
2.3

7.3
15.4
2.3

0500 h

7.3
15.9
2.2

7.9
13.7
2.1

7.6
14.7
2.1

0600 h

7.5
14.9
2.1

8.1
14.9
1.8

7.8
14.9
2.1

0700 h

7.8
18.2
2.5

8.6
18.0
2.4

8.3
18.1
2.5

0800 h

7.8
15.9
2.2

8.7
17.0
2.1

8.4
16.4
2.1

LSD values

0.5
4.1
0.7

0.5
5.2
0.8

0.5
3.2
0.5

Group treatments as in Table 1. Any rise of PG or IRI concentrations or IRI/PG ratios that exceeds the corresponding LSD value is significant at P
.05.
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FIG. 1. Means (±SE) of plasma glucose and immunoreactive
insulin concentrations and IRI/PG ratios from 0300 to 0800 h
in 9 non-insulin-dependent diabetic patients on diet alone.
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FIG. 2. Means ( ± SE) of plasma glucose and immunoreactive
insulin concentrations and IRI/PG ratios from 0300 to 0800 h
in 10 non-insulin-dependent diabetic patients treated by diet and
oral hypoglycemic agents.

0300 to 0800 h in groups 1 and 2 and in all NIDDM patients
together were not significant (Figs. 1—3). Table 2 illustrates
the LSD values for PG, IRI, and IRI/PG ratios for all groups.
Changes of the mean PG, IRI, and IRI/PG ratio at any time
between 0300 and 0800 h that exceeded LSD values were

considered significant at the 5% level. This confirms the
significance of the changes described above. Means ± SE of
HbA! were 8.7 ± 0.5, 9.7 ± 0.5, and 9.2 ± 0.3% for groups
1 and 2 and all NIDDM patients, respectively (normal value
6.1-7.9%).
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FIG. 3. Means (±SE) of plasma glucose and immunoreactive
insulin concentrations and IRI/PG ratios from 0300 to 0800 h
in 19 non-insulin-dependent diabetic patients (total).

Our results demonstrate that the dawn phenome-
non commonly occurs in NIDDM patients on
conventional therapy; this is the first time that
this has been demonstrated. The reported prev-

alence of the dawn phenomenon has varied between 0 and
88% in patients with type I diabetes (3,4,7,9,13,14,22).
There is no previous information about the prevalence of the
dawn phenomenon in NIDDM patients taking their con-
ventional therapy. The great variation in prevalence of the
dawn phenomenon in IDDM patients can be at least partly
explained by the lack of exact quantitative criteria for the
dawn phenomenon. It may also depend on the patient pop-
ulation and the type of insulin therapy. If we define the dawn
phenomenon as any continuous rise in early-morning (0500-
0900 h) PG, then 17 (89.5%) of the 19 patients exhibited
this phenomenon, with a mean rise in PG of 1.5 ± 2.0 mM.
If, however, we define the dawn phenomenon as a rise in
early-morning PG of >1.0 mM, then 13 (68.4%) patients
demonstrated the dawn phenomenon, with a mean rise in
PG of 1.8 ± 0.3 mM (Table 3).

Koivisto et al. (22) used as the criterion for the dawn
phenomenon an early-morning rise of blood glucose at least
twofold greater than in healthy subjects. By this definition,
16 (84.2%) of the 19 patients exhibited the dawn phenom-
enon. The normal physiology of early-morning PG and the
magnitude of the clinically significant PG rise in diabetic
patients are important factors to be considered in defining
the dawn phenomenon. Neither has been fully elucidated.
Conflicting results have been reported for changes in early-
morning PG levels in normal controls (2,18,19,22-26), and
no information is available about the magnitude of the clin-
ically significant early-morning PG rises in diabetic patients.
Therefore, we define any continuous rise in early-morning
PG as being a dawn phenomenon.

In IDDM patients on conventional therapy who were ke-
tosis prone, Schmidt et al. (3) demonstrated the dawn phe-
nomenon in 10 (90.9%) of 11 patients. This indicates that
stability and type of diabetes have no role in the cause of
the dawn phenomenon but might have an influence on se-
verity of the dawn phenomenon. Diabetic control and the
type of treatment might also have a role in the severity of
the dawn phenomenon. This is demonstrated in our study
by the greater dawn rise of PG in NIDDM patients treated

TABLE 3
Importance of magnitude of early-morning (0500-0900 h) plasma glucose (PG) rise in determining number and percentage of non-insulin-dependent
diabetic patients with dawn phenomenon

Patients

Group 1
Group 2
Total

n

9
10
19

Group treatments as in Table 1.
'As described by Koivisto et al.

464

Patients with dawn
rise of PG (n)

7 (77.7)
10 (100)
17 (89.5)

Numbers in parentheses are percentages
(22).

DIABETES CARE, VOL.

Patients with dawn rise of
PG > 0.1 mM (n)

4 (44.4)
9 (90.0)

13 (68.4)

10 NO. 4, JULY-AUGUST 1987

Patients with dawn rise of
PG greater than twofold normal' (n)

6 (66.6)
10 (100)
16 (84.2)

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/10/4/461/515966/10-4-461.pdf by guest on 09 April 2024



DAWN PHENOMENON IN NIDDM PATIENTS/J. A. AT1EA AND ASSOCIATES

by diet and oral hypoglycemic agents (HbA! = 9.7 ± 0.5%)
compared with the rise in those treated by diet alone
(HbA, = 8.7 ± 0 .5%). Our study shows that the changes
in the dawn period are significant in N I D D M patients and
should be taken into account in assessing the overall control
of their diabetes.
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