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Eleftherakis showed no improvement in performance tests when
the concentrations of negative ions were increased.'9 Other
possible causes for the symptoms have been suggested, including
the spectral quality of light from fluorescent lamps and photo-
chemical smog catalysed by fluorescent lighting systems.2
The possibility that group suggestion may explain the in-

creased prevalence of symptoms in the sealed building must be
considered. Such suggestion could come from other workers
or from the media in view of the current concern about these
problems. This could give rise either to a "mass hysteria"
effect or simply to heightened awareness in one particular group
of people. Symptoms due to mass hysteria are usually vague,
often neurological, and often associated with nausea, dizziness,
and fainting. Hyperventilation may occur with these symptoms,
which are mostly transient and resolve rapidly.20 None of these
features were present in the workers that we saw.
The possibility of increased awareness in one particular group

was minimised in our study by the management and unions
from both buildings participating simultaneously throughout.
The reason for the "medical survey" was not explained to the
office workers. The prevalences of the various symptoms related
to work have been found to differ consistently with different
ventilating systems.6 Similarly, the prevalences of symptoms
have been found to decrease after a change in ventilation and
lighting systems.2 Both of these facts suggest that the cause is
physical rather than psychological.

In conclusion, we believe that most of the respiratory, eye,
and nasal symptoms in air conditioned buildings are related to
the ventilation system. On current evidence lethargy and head-
ache are probably related to factors other than the ventilation
system. Factors that need investigating include the stability of
the environment in sealed buildings, the effects of different
types of work practice, and the removal of control of lighting and

ventilation from the individual worker, as well as more extensive
study of the quality of indoor atmosphere.
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Nocturnal hypoglycaemia in patients receiving
conventional treatment with insulin
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Abstract

The prevalence of nocturnal biochemical hypoglycaemia
-that is, blood glucose concentrations below 3 mmol/l
(55 mg/100 ml)-was evaluated in a random sample of
58 insulin dependent diabetics receiving twice daily
insulin. Seventeen patients had at least one blood glucose
value below 3 mmol/l (55 mg/100 ml) and five a value
below 2 mmol/l (36 mg/100 ml) during the night. Both bed-
time (2300) and fasting morning (0700) blood glucose
concentrations were significantly lower in the group
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with nocturnal hypoglycaemia compared with the group
without (p <0 00001). If the bedtime blood glucose con-
centration was below 6 mmol/l (108 mg/100 ml) the risk of
nocturnal hypoglycaemia was 80% (95% confidence
limits 51-96%). Ifthe bedtime blood glucose concentration
was above 6 mmol/l the likelihood of hypoglycaemia
not occurring during the night was 88% (74-96%).
The mean glycosylated haemoglobin Al, (HbA,,)

concentration in the group with nocturnal biochemical
hypoglycaemia (8 2 (range 5 0-12 4)%) was significantly
lower than that in the group without (9-4(7 0-14-2)%)
(p <0 02). The prevalence of nocturnal hypoglycaemia in
the patients receiving twice daily insulin (29%) was
compared with that in 15 patients receiving thrice daily
insulin (47%) and was not found to be significantly
different. The likelihood of this risk being greater with
thrice daily insulin was, however, 88%. No patient with
nocturnal biochemical hypoglycaemia woke up during
the night with symptomatic hypoglycaemia.
Nocturnal biochemical hypoglycaemia is common

during twice daily treatment with insulin, and low values
of HbA,C might be associated with a higher risk of such
hypoglycaemia. The blood glucose concentration at
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bedtime is a significant predictor of nocturnal bio-
chemical hypoglycaemia, and HbA,C values might be of
help in identifying patients at risk.

Introduction

Diabetic patients treated with insulin must always rely on their
ability to recognise the symptoms of impending hypoglycaemia
to avoid serious hypoglycaemic episodes. This ability may be
impaired during sleep. Little is known about the prevalence of
nocturnal hypoglycaemia in patients treated with insulin, whether
they are receiving conventional treatment or an intensified
regimen.1-3 Patients were selected for these studies on the basis
of stable' or labile2 metabolic control or were admitted for 24
hour profiles.4 The prevalence and symptomatology of nocturnal
hypoglycaemia in unselected patients receiving conventional
treatment with twice daily insulin injections have not been re-

ported. The ability of the subjects to recognise and remember
episodes of nocturnal hypoglycaemia has not been systematically
examined, although this is relevant to patients and doctors
when adjusting treatment with insulin.

This study attempted to estimate the prevalence of nocturnal
biochemical hypoglycaemia (that is, blood glucose concentra-
tions <3 mmol/l (55 mg/100 ml)) and symptomatic hypogly-
caemia in patients receiving insulin injections two or three times
daily. Furthermore, we aimed at finding the value of the blood
glucose concentration at 2300 that predicted forthcoming noc-

turnal biochemical hypoglycaemia and to evaluate the subsequent
morning fasting blood glucose concentration as an estimate of
preceding noctumal biochemical hypoglycaemia.

Patients and methods

The Steno Memorial Hospital sees most of the insulin dependent
diabetic patients diagnosed in the county of Copenhagen and has files
on more than 2500 such diabetics seen regularly. Most of these patients
(about 80%) receive a twice daily insulin regimen, with the morning
injection of a mixture of soluble and intermediate acting insulin being
given half an hour before breakfast. Roughly one third of the total in-
sulin dose (mean 0-6 U/kg body weight for the clinic population)
is then given before suppertime either as intermediate acting insulin
alone or as intermediate acting insulin in a mixture with soluble
insulin. Breakfast in Denmark is usually eaten at 0700, lunch at midday,
and supper around 1800. The recommended diet is isocaloric and of
high fibre content and contains 45% carbohydrate, 200' protein, and
35% fat. The diet is usually divided into three main meals and two or

three snacks. The last snack is usually eaten around 2000 or 2100.
Fifty eight patients receiving twice daily insulin and with a perma-

nent address in the county of Copenhagen and 15 patients receiving
three daily injections were chosen at random from the files of the out-
patient clinic (table I). Patients receiving twice daily insulin took their
insulin doses as described above. The group receiving thrice daily
insulin took mixtures of soluble insulin just before supper and inter-
mediate acting insulin before bedtime (2200-2300). All patients were

admitted to the hospital at 2200 after a normal working day, having had
their supper together with their suppertime insulin and evening snack
at home. In hospital patients were allowed to drink and eat as they
wished. They were asked to complete a questionnaire and score a list
of symptoms, which included relevant hypoglycaemic symptoms, and
were instructed to inform us immediately if they experienced subjective
hypoglycaemia.
A cannula was inserted intravenously, and blood samples were
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drawn hourly throughout the night while patients were asleep. The
samples were precipitated immediately with 3% trichloroacetic acid
and stored until the next day, so that the blood glucose concentrations
were not known to patients or observers during the study period. Blood
glucose concentrations were measured in whole venous blood by a
glucose oxidase technique (coefficient of variation 4%/), and glycosylated
haemoglobin Al, (HbA,,) (normal range 4-1-6-4%) was measured as
described elsewhere.5 The study was approved by the medical
ethical committee of the county of Copenhagen, and all patients gave
informed consent.
The unpaired t test was used for statistical analysis. The predictive

values were calculated according to the method of Vecchio.6 Values
of p <005 were considered to be significant, and 95% confidence
limits were obtained.

Results

Table II shows the numbers of patients in the two treatment groups
in whom at least one sample yielded a blood glucose concentration
below 3, 2 5, and 2 mmol/l (55, 45, and 36 mg/100 ml) during the night.

PATIENTS RECEIVING TWICE DAILY INJECTIONS OF INSULIN

The figure shows the distribution of blood glucose concentrations
below 3 and below 2 mmol/l (55 and 36 mg/100 ml) in the samples
obtained hourly from the patients receiving twice daily insulin.
The mean duration of hypoglycaemia was 3 (range 1-8) hours.

TABLE iI-Number of patients in two treatment groups with low blood glucose
concentrations during night

Blood glucose concentrations (mmol/l)
Treatment group <3 <2 5 < 2

Insulin twice daily (n = 58):
No (%) of patients 17 (29) 13 (22) 5 (9)
950' confidence limits 18-43 13-35 3-19

Insulin thrice daily (n= 15):
No (%) of patients: 7 (47) 3 (20) 2 (13)
950' confidence limits 21-73 4-48 2-41

Conversion: SI to traditionzal uinits-Blood glucose: 1 mmol/l 18 mg/100 ml.

The maximal prevalence of blood glucose concentrations below 3
mmol/l (55 mg/100 ml) was seen at 0400. The bedtime blood glucose
concentration (that is, the concentration at 2300 on the study night)
was significantly lower in the 17 patients with nocturnal hypoglycaemia
(mean 5-2 (range 1 7-14 1) mmol/l (97 (31-254) mg/100 ml)) than
in the 41 patients without (11-0 (4-2-22-3) mmol/l (198 (76-401) mg/
100 ml)) (p<00001). The fasting blood glucose concentration at
0700 was also significantly lower in the group with nocturnal hypo-
glycaemia (5-3 (1-8-14 8) mmol/l (95 (32-267) mg/100 ml)) than in the
group without (11-3 (47-223) mmol/l (203 (87-402) mg/100 ml))
(p < 0-0001). If the blood glucose concentration at bedtime was below
6 mmol/l (108 mg/100 ml) the risk of nocturnal hypoglycaemia (that
is, at least one measurement of blood glucose concentration below
3 mmol/l (55 mg/100 ml)) was 80% (confidence limits 51-96%).
Conversely, if the blood glucose concentration was above 6 mmol/l
there was an 88% (confidence limits 74-96%) likelihood of the patient
not having a blood glucose concentration below 3 mmol/l (55 mg/100
ml) during the night. Furthermore, when the fasting morning blood
glucose concentration was above 10 mmol/l (180 mg/100 ml) the possi-
bility of the patient having had nocturnal hypoglycaemia was 4%

TABLE I-Clinical data on insulin dependent diabetics selected for study. Values are means (and ranges)

Sex Age Duration of diabetes Total insulin dose Evening insulin dose Bedtime insulin dose HbA,
Treatment group (F/M) (years) (years) (IU/kg body weight) ( , of total dose) (,, of total dose) (0,)

Twice daily insulin (n = 58) 25/33 38 19 0-6 33 9-1
(18-56) (3-44) (0-4-1-0) (11-50) (5-0-14-2)

Thrice daily insulin (n = 15) 8/7 34 15 0 7 20 21 8-0
(21-52) (5-31) (0-5-1-0) (8-33) (8-36) (6-4-10-8)

Significance NS NS NS NS p < 0.05
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(confidence limits 0-22%), whereas if the blood glucose concentration
was below 10 mmol/l the possibility of preceding hypoglycaemia was
53% (confidence limits 35-71%).
The mean HbA,C concentration was significantly lower in the group

with hypoglycaemia (8-2 (5 0-12-4)%) than in those without hypo-
glycaemia (9*4 (7*0-14-2)o%) (p <0 02).
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Night time distribution of blood glucose concentrations below
3 mmol/l (55 mg/100 ml) (0) and below 2 mmol/l (36 mg/100 ml)
( *) in 17 diabetic patients receiving treatment with insulin twice
daily and with nocturnal biochemical hypoglycaemia.

PATIENTS RECEIVING THRICE DAILY INJECTIONS OF INSULIN

Patients treated with insulin three times daily had a significantly
lower mean HbA,, concentration than those treated with insulin
twice daily (table I). Seven of the 15 patients (47%) had nocturnal
hypoglycaemia. This prevalence, however, was not significantly
different from the 29% found among patients treated with twice daily
insulin. If the bedtime blood glucose concentration was below 6
mmol/l (108 mg/100 ml) in the group receiving insulin thrice daily the
risk of nocturnal hypoglycaemia was 100% (confidence limits 47-
100%). Conversely, if the morning fasting blood glucose concentra-
tion was below 10 mmol/l (180 mg/100 ml) there was a 550% (confidence
limits 23-83%) possibility of the patient not having had nocturnal
hypoglycaemia. The HbA,C concentrations were not significantly
different between patients with and without nocturnal hypoglycaemia
(7-9 (6 8-10-2)0/ and 8 1 (6-4-10 1)%, respectively).

SYMPTOMATIC HYPOGLYCAEMIA

Forty two (570/ ) of the 73 patients indicated in the questionnaire
that they could detect periods of hypoglycaemia at night, 13 (18%)
said that they could not, and 18 (250%) did not know. Thirty three
(4500, ) of the patients were certain that they had had previous episodes
of nocturnal hypoglycaemia, whereas 15 (21 0° ) were certain that they
had not and 25 (340,/ ) indicated that they did not know.
During the study night three patients woke up complaining of

symptomatic hypoglycaemia. Their blood glucose concentrations later
proved to be 12-4, 11-3, and 6 2 mmol/l (223, 203, and 112 mg/100 ml),
and none of these patients experienced biochemical hypoglycaemia
during the study. None of the patients with biochemical hypoglycaemia
woke up during the night, and only one was sure that he had been
hypoglycaemic. On waking this patient could not move his right arm
and leg. He was given glucose intravenously and the symptoms im-
mediately resolved. He had experienced similar problems at home two
or three times and reported that symptoms invariably vanished when
he took glucose orally. Knowing that he would be unable to use the
right arm, he always placed his glucose tablets to the left beside his
bed. This patient was 22 years old and had had diabetes for seven years;
he received an insulin dose of 0 98 U/kg body weight and usually did
not have any trouble recogiiising the symptoms of hypoglycaemia
during daytime.

Discussion

Overnight control of blood glucose concentration seems to be
the weak point of conventional treatment with insulin. The
prevalence of nocturnal hypoglycaemia has been reported as

varying between 24% and 650° in different diabetic popula-

tions.' 2'4 In our study almost one third of the patients chosen
at random from a large number of insulin-dependent outpatients
had at least one measurement of blood glucose concentration
below 3 mmol/l (55 mg/100 ml) during the night.

Ideally, the patients should have been studied at home
while sleeping in their usual surroundings. This would be
possible, however, only if glucose sensors were used to monitor
the blood glucose concentration continuously. As this cannot be
done two altematives exist: either to ask patients to take one or
more blood samples at home or to admit patients overnight after
they have had their usual food and insulin at home. The first
approach has three major limitations. Firstly, the patients, if
hypoglycaemic, may not be able to wake up at night and take
blood samples properly. Secondly, more than one blood sample
needs to be taken during the night. This study shows that if a
single blood glucose sample was taken at either 0300 or 0400
only about two thirds of the episodes would be detected. Finally,
obtaining several blood samples during the night at home will
interrupt the sleep, which might therefore not be representative
of a usual night's sleep. Similarly, admitting the patients to
hospital may itself bias the results. We tried to minimise this
effect by asking the patients to eat normally and take their
usual insulin dose at home.

In clinical practice blood glucose concentrations measured
at night are seldom used to evaluate the prevalence of nocturnal
hypoglycaemia. Therefore, clinicians have no alternative but to
ask about symptomatic episodes or measure morning blood glu-
cose concentrations, or both. Our study shows that bedtime
blood glucose concentrations can be of use, as the risk of noctur-
nal hypoglycaemia with a twice daily insulin regimen was 80%
when the concentration at 2300 was below 6 mmol/l (108 mg/100
ml). It is almost a dogma that hypoglycaemia begets hyper-
glycaemia-commonly designated the Somogyi phenomenon.7 8
None of the patients with nocturnal hypoglycaemia in our study
and a similar study9 showed any tendency towards this pheno-
menon. In fact, the mean morning blood glucose concentration
in the group with hypoglycaemia was significantly lower than
that in the group without hypoglycaemia. Moreover, a high
fasting morning blood glucose concentration (>10 mmol/l
(180 mg/100 ml)) almost excluded preceding nocturnal hypo-
glycaemia. The HbA,C concentration may also be a useful
indicator of risk of nocturnal biochemical hypoglycaemia as the
mean value in the patients with hypoglycaemia was significantly
lower than that in the patients without.

It thus appears that many of the patients taking twice daily
insulin and at risk of nocturnal hypoglycaemia can be found
among patients normally considered to show good or excellent
control-that is, patients with bedtime blood glucose concentra-
tions below 6 mmol/l (108 mg/100 ml), fasting morning values
below 10 mmol/l (180 mg/100 ml), and HbAlC concentrations
below 8%.
Symptoms were of little clinical value as none of the patients

with biochemical hypoglycaemia woke up during the night
complaining about symptomatic hypoglycaemia, whereas only
one of 17 patients with hypoglycaemia was certain on waking
in the morning that he had been hypoglycaemic during the
night.

In other studies it was found that during experimentally in-
duced hypoglycaemia by means of intravenous infusion of
insulin recumbent patients seldom experienced subjective
hypoglycaemia before the blood glucose concentration became
2 mmoi/l (36 mg/100 ml) or lower.'0 In the present study even
blood glucose concentrations lower than 2 mmol/l did not wake
the patients. Introduction of a third insulin injection before
bedtime has been suggested as a remedy for the "dawn pheno-
menon.""1 The theoretical benefit would be a more balanced
delivery of insulin during the night and increased insulin con-
centrations in the morning, when the need is greatest. In patients
taking three injections of insulin daily the mean fasting blood
glucose concentration was about 2 mmol/l (36 mg/100 ml)
lower than in the group taking twice daily insulin, and nocturnal
hypoglycaemia was not significantly more prevalent. The risk of a
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type 2 error is, however, 88% with the present data from the two
groups. It would require a much larger number of patients taking
thrice daily insulin than 15 to show a possible significant
difference. The important point is, however, that nocturnal
hypoglycaemia is unlikely to be less prevalent with a thrice daily
regimen. It remains to be shown whether any conventional
regimen can reduce the prevalence of nocturnal biochemical
hypoglycaemia and give normal fasting morning blood glucose
concentrations at the same time. Continuous subcutaneous
insulin infusion offers relatively constant and reproducible
insulin profiles,"2 but it has yet to be shown to reduce the
prevalence of nocturnal hypoglycaemia.
Whether biochemical asymptomatic hypoglycaemia during the

night is harmful cannot currently be answered satisfactorily.
The changes seen in neuropsychological performance13 '4
and on electroencephalography'5 when the blood glucose con-
centration is acutely lowered to hypoglycaemic values seem
reversible. Hypoglycaemia does not appear to be harmful
provided it is of short duration, although this has never been
studied properly. During the night, when alarm symptoms
seem to be impaired, the possibility of long and severe hypo-
glycaemic periods exists. Such periods repeated over years of
treatment with insulin could result in morphological and
functional changes, primarily in the brain. When aiming for
more physiological blood glucose control by means of intensified
treatment with insulin it is thus important to evaluate not only
the risk of daytime hypoglycaemia but also that of nocturnal
hypoglycaemia.

In conclusion, asymptomatic biochemical hypoglycaemia at
night is common during twice daily treatment with insulin and

unlikely to be less common with thrice daily insulin regimens.
Low values of HbAI, might be associated with a higher risk of
nocturnal biochemical hypoglycaemia. The bedtime blood glu-
cose concentration seems to be a valuable predictor of nocturnal
biochemical hypoglycaemia, and HbASC values might also be
helpful in identifying patients at risk.
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Long term treatment of severe obesity: four year follow up
of results of combined behavioural modification programme

H BJORVELL, S ROSSNER

Abstract

A four year programme of treatment for severe obesity
combining standard techniques such as behavioural
modification, exercise, nutritional advice, and, in addi-
tion, readmission of patients who relapse has been
developed. One hundred and seven subjects of both sexes
were treated. Thirty nine had their jaws fixed from the
start. After four years 104 out of 107 subjects were traced;
33 (31 %) had left the programme. The mean loss ofweight
in the remaining 74 subjects was 117 kg (range -20 to
55 5): 14 had lost more than 20 kg, 35 had lost 5-20 kg, 17
had lost 0-5 kg, and eight were above their weight before
treatment. The rate of dropping out in this study was
lower than that generally reported.
Our data suggest that combined behavioural modifica-

tion used as a programme for reducing weight may result
in a substantial loss of weight for several years even for
severely obese subjects.
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Introduction

In the treatment of severe obesity long term follow up is
mandatory. Obesity is usually a lifelong condition. Most pro-
grammes of treatment, however, last only for weeks or months,
and the evaluation of the results rarely lasts for a year or
longer.'-3

For subjects with incapacitating obesity numerous surgical
methods have been developed. Although these have been success-
ful in many cases, they do not cure overweight. Failures, com-
plications, and death may occur even in late stages.4 Furthermore,
they require long term follow up, and normal weight is certainly
not effortlessly maintained as was once expected.5 Even in cases
of severe obesity, therefore, non-surgical methods can play
an important part provided that these methods initiate a notice-
able loss of weight, maintain that loss of weight, identify and
prevent relapses, and lead to a high degree of compliance.
The long term effects of various single techniques of reducing

weight have generally been poor. Combinations of techniques,
however, such as behavioural modification, exercise, and nutri-
tional instruction seem to have more success,6 but long term
approaches of this kind are uncommon. One reason for this
is that many overweight patients drop out of the programmes. In
several studies about 50%O of subjects dropped out during the
first year of follow up.8'-"
We report the results of a long term programme that we de-

veloped, which combined standard techniques such as be-
havioural modification, exercise, nutritional advice, fixing the
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