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Reversal of insulin resistance in type I diabetes after
treatment with continuous subcutaneous insulin infusion

IBE LAGER, PETER LONNROTH, HENNING VON SCHENCK, ULF SMITH

Abstract

Insulin responsiveness was studied with the euglycaemic
glucose clamp technique in seven patients with type I
diabetes and in six control subjects matched for age and
weight. The glucose disposal rate was significantly
reduced in the diabetic subjects when they were re-
ceiving conventional insulin treatment compared with
the control group, showing insulin resistance in the
diabetics.

The diabetic patients were again studied after eight
days of intensified metabolic control achieved with
continuous subcutaneous insulin infusion. During the
infusion a more physiological insulin regimen was used
compared with their regular treatment, less of the total
insulin dose being given as continuous infusion and more
as bolus doses before meals. The insulin resistance in the
diabetics was largely reversed after this improved
metabolic control. Dose response studies showed an
increased glucose disposal rate at all plasma insulin
concentrations, including the maximum insulin concen-
tration, indicating a predominant effect of the continuous
infusion regimen at the postreceptor level.

The improved insulin effect seen with continuous
subcutaneous insulin infusion could be due to the
improved metabolic control achieved as well as the more
physiological regimen.

Introduction

Insulin resistance has been found in different clinical states
associated with hyperinsulinaemia such as obesity and type 1I
diabetes.! 2 Increasing evidence now suggests that insulin
resistance is present also in insulin treated type I diabetes.3-5
In vitro studies have shown that raised insulin concentrations
per se are able to induce insulin resistance at both the receptor
and the postreceptor level.~® Type I diabetics are often treated
with long acting or intermediate acting insulin once or twice
daily. This regimen will produce a ‘basal” hyperinsulinaemia
over a large part of the 24 hours. The type of insulin regimen is
important for insulin sensitivity and responsiveness in fat cells
from these patients.® Thus if the insulin regimen is changed to
treatment with only short acting insulin given before each meal
both insulin binding and responsiveness are increased in the
adipose tissue.® A drawback of this insulin regimen, however, is
that the morning blood glucose concentrations are frequently
too high.? It has also been shown that high glucose concentra-
tions could aggravate insulin resistance induced by high insulin
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concentrations in vitro.” Optimal blood glucose control obtained
with low basal insulin concentrations should therefore be the
most appropriate treatment regimen in type I diabetes.

Continuous subcutaneous insulin infusion with portable
insulin pumps is effective in controlling the diurnal blood glucose
concentrations.'® 1! Additionally, with this technique a greater
proportion of the daily insulin requirement can be given as a
bolus dose before meals, thereby maintaining lower basal
insulin concentrations than with conventional treatment regi-
mens. The aim of the present study was to evaluate whether
insulin responsiveness was impaired in insulin treated type I
diabetes and, if so, whether this could be improved by changing
treatment from conventional insulin treatment to continuous
subcutaneous insulin infusion.

Patients and methods

Seven patients (two women and five men) with type I diabetes
according to the diagnostic criteria given by the National Diabetes
Data Group!? were recruited from the diabetes outpatient clinic for
the study. All patients were of normal weight and were considered to
have stable diabetes. Their mean (SEM) haemoglobin A, concentra-
tions at the time of inclusion in the study was 9-7 (0-6)9%, (table I).
Their ages ranged from 22 to 51 years and the duration of diabetes
from 4 to 34 years. They were all receiving regular treatment with a
combination of short acting and intermediate acting insulin (Insulin
Actrapid and Monotard, Novo, Denmark) twice daily. On average
about 709, of the total insulin dose was given as intermediate acting
and the remaining as short acting insulin (table I). Two patients (cases
4 and 5) had hypertension, which was treated with a combination of
metoprolol, a cardioselective beta blocking agent, and hydralazine.
This treatment was continued unchanged throughout the study. One
of the patients (case 1) had mild proteinuria but a normal plasma

- creatinine concentration. Apart from this the patients did not exhibit

any overt signs of diabetic complications. Further clinical details are
given in table I.

The results obtained in the diabetic patients were compared with
those obtained in six normal control subjects of similar age and relative
body weight (table I).

The diabetic patients were admitted to hospital for the study.
Before admission a dietary history was recorded for each patient by an
experienced dietitian. The patients were then given the same diet
throughout their hospital stay. Their physical exercise habits were
also maintained as closely as possible during the study. The patients
spent nine days in hospital. During the first day their regular insulin
dose was given. On days 2 and 9 euglycaemic glucose clamp studies
were performed as described below. On the evening of the second day
treatment with an insulin pump (Mill Hill 1001 HM, Muirhead
Medical Products, London) was started and maintained to day 9.
Insulin (Actrapid, Novo, Denmark) was then given subcutaneously
through a syringe in the hypogastric region. The aim of the pump
treatment was to achieve as good a blood glucose control as possible
without hypoglycaemic attacks. In general terms, as little as possible
of the total insulin dose should be given as continuous infusion and as
much as possible as a bolus dose before meals. On average 609, of the
total insulin dose was given before meals (table I). The insulin dose
was adjusted according to the blood glucose concentrations.

It should be noted that the patients were not randomised for the
order of treatment. The aim of the study—to compare the diabetics
with a matched control group and then, if insulin resistance was
present, to try to reverse this—made randomisation impossible.

Blood glucose concentrations were determined 30 minutes before
and 60 minutes after each meal and once during the night (at 0400)
with a reflectometer (Reflomat, Clinicon International GMBH, West
Germany). We have found that blood glucose concentrations measured
in this way by a trained person are closely correlated with concentra-
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TABLE I—Clinical characteristics of subjects studied
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Ordinary insulin dose

Insulin dose during
continuous infusion

Duration of (IU/day) (IU/day) Haemoglobin
Case No Sex Age diabetes Weight Height Proteinuria Other treatment 1 (%
(years) (years) (kg) (cm) Intermediate Short Basal dose Sum of (normal <7%)
acting acting bolus doses
Diabetic group
1 F 22 10 73 167 28 18 16 28 + 103
2 F 24 4 53 163 20 24 22 35 0 10-8
3 M 25 5 66 178 32 14 18 28 0 73
4 M 26 14 57 176 44 8 18 28 0 Metoprolol, 12-1
hydralazine
5 M 38 33 68 170 46 8 19 25 0 Metaprolol, 81
hydralazine
6 M 39 34 63 171 40 4 22 22 0 88
7 M 51 21 59 167 24 28 20 32 0 107
Mean (SEM) 324 17 (5) 62 (3) 170 (2) 33-4(3-8) 149 (3-4) 19-2 (0-8) 283 (1-6) 9-7 (0-6)
Control group
8 M 26 70 180
9 M 26 72 186
10 M 27 84 191
11 M 28 89 190
12 M 28 65 183
13 F 36 62 172
Mean (SEM) 29 (2) 74 (4) 184 (3)

tions as determined with the glucose oxidase technique (r=0-97,
p<0-001, n=57).

The glycaemic control achieved was estimated by calculating the
mean diurnal blood glucose concentrations and the mean amplitude of
the glucose excursions.!® Individual M values were calculated
according to the formula:

r BG
2110 xlog — ]
Mo L T4

n
where BG =blood glucose concentrations and n =number of observa-
tions.!? 14 Glycosylated haemoglobin concentrations were estimated
using prepacked microcolumns (Hemoglobin Quick Columns, Helena
Laboratories, Beaumont, Texas, USA).

The healthy subjects were not admitted to hospital. Euglycaemic
glucose clamp studies were performed in the morning after an over-
night fast. The subjects were asked to maintain their normal diet and
exercise habits and to refrain from smoking on the evening before the
study.

EUGLYCAEMIC GLUCOSE CLAMP STUDIES

Euglycaemic glucose clamp studies were performed after an over-
night fast according to the method described by de Fronzo et al.'s
Insulin (Actrapid, Novo, Denmark) and glucose (1-7 mol/l
(31 mg/100 ml)) were then infused through an antecubital vein with
two variable infusion pumps. An antecubital vein in the contralateral
arm was cannulated, and blood drawn from this was used to measure
the blood glucose concentrations every 90 seconds with an auto-
matically operating glucose sensor using the glucose oxidase technique
(Gambro, Lund, Sweden). The aim was to maintain euglycaemia at
5-0 mmol/l (90 mg/100 ml). If the initial blood glucose concentration
was above 5-0 mmol/l insulin was infused at a rate of 0-15 IU/kg/h to
reach euglycaemia; if the blood glucose concentration was below
5-0 mmol/1 glucose was infused. When the blood glucose concentration
was stabilised at 5:0 mmol/l the euglycaemic clamp study was started.
The insulin infusion was then started with a priming infusion dose
of 800 mU/m?/min. This infusion rate was continuously decreased to
40 mU/m?/min during the first 10 minutes and then held constant.
Glucose was administered at a variable infusion rate to maintain the
blood glucose concentration at euglycaemia (5 mmol/l) for 80 minutes.
In the diabetic subjects the euglycaemic clamp was then continued
with insulin infusions at two higher rates (240 and 1200 mU/m?/min).
Insulin was again infused with a decreasing priming dose during the
first 10 minutes as described above. The euglycaemic clamp period
lasted 80 minutes at each insulin infusion level. In the control subjects
euglycaemic clamp studies were performed with only the low insulin
dose.

Glucose uptake was calculated from the rate of glucose infusion
between 60 and 80 minutes at each insulin infusion level. The blood
glucose concentrations were maintained at 5-0 mmol/1:+-10%, through-
out the study.

Blood samples were drawn every 20 minutes for measurement of
total and free insulin concentrations. Total insulin concentration was

determined by radioimmunoassay (Phadebas, Pharmacia, Uppsala,
Sweden), and free insulin concentration was determined after pre-
cipitation of insulin antibodies with macrosol (polyethylene glycol)
according to the method of Kuzuya et al.'®

STATISTICS

Comparisons between controls and diabetics were performed with
Student’s z test for non-paired data. Data obtained before and after
continuous subcutaneous insulin infusion in the diabetics were
compared with Student’s  test for paired observations.

Results
PATIENT TOLERANCE TO PUMP TREATMENT

The patients tolerated the pump treatment well. Two patients
(cases 4 and 6) experienced hypoglycaemic like symptoms on a few
occasions during the pump treatment, but the blood glucose concen-
trations were never below 2-5 mmol/l (45 mg/100 ml) during these
attacks. In one patient (case 7) glucose control deteriorated tempo-
rarily on day 7 owing to dysfunction of the pump.

GLUCOSE CONTROL

As shown in table II, control of diabetes was significantly improved
during the pump period compared with during the regular insulin
treatment regimen. Thus both mean diurnal glucose concentrations
and M values were significantly lower during the pump period. Also
the mean glycaemic excursions tended to be lower during the pump
treatment.

TABLE II—Mean diurnal glucose concentrations, M wvalues,®'® and mean
amplitude of glucose excursions® the day before the first and second euglycaemic
clamps in type I diabetic subjects

Mean amplitude of

Glucose (mmol/l) M value glycaemic excursions
Case No -
First Second First Second First Second
clamp clamp clamp clamp clamp clamp
1 7 63 26 12 42 45
2 81 7-3 29 20 5-0 4-4
3 7-2 75 22 18 36 3-4
4 12-1 85 102 41 6°1 7-3
5 9-3 59 50 11 67 33
6 10-2 8:0 39 21 6-8 3-4
7 88 68 50 15 98 35
Mean 9-1 7-2 483 19-7 6-0 43
(SEM) (06) (0-3) (10-4) (3-8) (0-8) (0-5)
Significance p<0-01 p<001 0:05<p<0-01

Conversion: SI to traditional units—Glucose: 1 mmol/l ~ 18 mg/100 ml.
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EUGLYCAEMIC CLAMPS

The blood glucose concentrations on the morning of the first clamp
study, while patients were receiving conventional treatment, were
significantly higher than those after pump treatment. Therefore, a
longer insulin infusion time was required to reach euglycaemia
(5-0 mmol/l) before the start of the first compared with the second
clamp (64 (7) and 33 (4) minutes, respectively). As shown in fig 1, an
insulin infusion rate of 40 mU/m?/min produced similar plasma con-
centrations of free insulin during the first and second glucose clamps
in the diabetic patients (70 (9) mU/l and 61 (5) mUy/l, respectively) as
well as in the normal control group (51 (4) mU/l1). The glucose uptake
was significantly lower in the diabetic patients when they were
receiving regular insulin treatment than in the controls (fig 1). After
pump treatment, however, the glucose disposal rate was significantly
higher (p <0-0125) in the diabetic patients (average increase 419%,,
fig 1). Thus physiological insulin concentrations were more effective
in promoting glucose uptake in the diabetics after a period of intensi-
fied treatment, demonstrating an increased effect of insulin.
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FIG 1—Glucose disposal rate and free insulin concentrations in
six control subjects and seven diabetics receiving conventional
insulin treatment and after continuous subcutaneous insulin
infusion during euglycaemic glucose clamp with insulin infusion
rate of 40 mU/m?2/min.

Conventional treatment v controls: p< 0-01. Insulin infusion
v conventional treatment: p< 0-0125.
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FIG 2—Dose response curves for glucose disposal rate in seven
diabetics before and after continuous subcutaneous insulin
infusion. The glucose disposal rate was significantly (p< 0-0125)
higher after infusion at all plasma insulin concentrations studied.

To characterise further the effect of insulin after pump treatment in
the diabetic subjects dose response studies were performed with two
higher insulin infusion rates (240 and 1200 mU/m?/min). The glucose
disposal rate increased significantly with increasing plasma insulin
concentrations (fig 2). This increase was considerable for insulin
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concentrations up to about 500 mU/I and formed a plateau thereafter.
The glucose disposal rates were an average of 20-309, higher during
the second glucose clamp at both insulin infusion rates (fig 2). The
plasma concentrations of free insulin reached were again similar on
both occasions (at 240 mU/m?/min 305 (38) and 348 (46) mU/l, and at
1200 mU/m?/min 2416 (367) and 2669 (511) mU/l, respectively). The
plasma concentrations of total insulin were higher than the concentra-
tions of free insulin, but, again, no significant differences were found
between the two studies at any of the three insulin infusion rates (data
not shown). Thus there is no evidence that the insulin antibody
concentration was changed by the period of continuous insulin
infusion.

As we were not certain whether the individual maximum glucose
disposal rate was reached!? Ky, values were not calculated. When the
maximum glucose disposal rate was considered to have been reached
at the highest insulin infusion rate (1200 mU/m?/min) the median
effective dose could be calculated. This value tended to be lower after
pump treatment compared with conventional treatment (69 v 83 mUy/l,
respectively) but the difference was not significant.

Discussion

The mean glucose disposal rate in the diabetics during regular
insulin treatment, measured at an insulin infusion rate of
40 mU/m?/min, was significantly lower than that found in the
non-diabetic controls of similar age and weight. Thus the
diabetic subjects showed insulin resistance when receiving this
treatment regimen. This was apparent at mean insulin concen-
trations of 70 and 51 mU/l in the diabetics and controls,
respectively. The presence of insulin resistance in type I
diabetics has also been reported in other studies,®~* but not in
all.!® The conflicting results reported could be a function of the
treatment regimen or degree of control, or both.

As in previous studies,!® 2° treatment by continuous sub-
cutaneous insulin infusion improved the metabolic control in
the diabetics, even though their diabetes was considered to be
well regulated with their regular insulin regimen. Their
haemoglobin A, concentrations before pump treatment were also
only slightly raised. The aim of the pump treatment was to
obtain good metabolic control and to give a relatively large
proportion of the total insulin requirement before meals. Thus
the “basal’’ insulin concentrations (between meals) should be
kept as low as possible. This goal was reached (table I). The
insulin dose given as continuous infusion was only 409, of the
diurnal requirement during the infusion regimen. The total
daily amount of insulin given, however, was similar to that given
before pump treatment.

The present findings show that improved control using a more
physiological insulin regimen can reverse insulin resistance. We
cannot decide from the present study whether the improved
insulin effect noted during the infusion regimen was due to the
altered regimen or to more rigorous glucose control per se.
Recently, however, we have found that a high ambient glucose
concentration further enhances the effect of insulin to reduce the
number of binding sites in fat cells maintained in vitro.” Thus,
in the presence of insulin excess, raised glucose concentrations
are important for the peripheral insulin effect. Furthermore,
improved control of diabetes lowers the concentrations of
counterregulatory hormones that may produce insulin resistance
such as cortisol, catecholamines, and growth hormone.? 23

Apart from improved control per se being able to influence
peripheral insulin responsiveness the insulin treatment regimen
also appears to be of great, possibly predominant, importance.
Several studies have shown that hyperinsulinaemia results in
decreased insulin binding to the target cells.®-® Treatment of
diabetics with mainly long acting and intermediate acting
insulin results in a prolonged “basal” hyperinsulinaemia, which
seems to be responsible for the insulin resistance seen in fat cells
in vitro.® In agreement with this, the insulin resistance was
reversed in this study when more of the daily insulin dose was
given as short acting insulin in conjunction with meals and less
as a continuous basal infusion.

As enhanced glucose utilisation has been found during pro-
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longed glucose clamp studies'’ the clamp period was kept
constant at each insulin infusion level in this study. In fact the
total insulin infusion time was longer in the diabetics during the
first clamp compared with the second as the fasting glucose
concentrations were higher on the morning of the first clamp.
The glucose disposal rate would, therefore, tend to be over-
estimated during the first euglycaemic study.

Insulin resistance could be an effect of both receptor and
postreceptor perturbations. Owing to the presence of spare
insulin receptors an evaluation of the insulin effect must include
dose response studies at different plasma insulin concen-
trations.2® Insulin resistance due exclusively to reduced insulin
binding causes a shift to the right of the dose response curve,
whereas the maximum effect will be unchanged. On the other
hand, insulin resistance at the postreceptor level leads to a
decreased insulin effect at all insulin levels, including the
maximum effect.?’

The insulin sensitivity, defined as the insulin concentration
producing half the maximum effect, tended to be increased after
pump treatment. The main difference, however, was an increased
glucose disposal rate at all insulin levels, indicating a pre-
dominant effect at the postreceptor level. Whether this was due
to changes in the liver or in the peripheral tissues could not be
evaluated from the present study as hepatic production of
glucose was not measured.

Factors other than those already discussed have also been
found to influence the insulin effect—for example, a change in
diet or in the level of physical activity.2®-2° Both of these
factors, however, were kept as close as possible to the patients’
regular habits during the study.

In summary, the present study shows that the insulin resist-
ance in type I diabetics receiving regular insulin treatment can be
largely reversed by continuous subcutaneous insulin infusion.
The attenuated insulin resistance is probably an important
reason for the improved metabolic control in spite of unchanged
or even reduced daily insulin requirements. The increased
responsiveness to insulin seen after even short term continuous
infusion emphasises the importance of close supervision of the
patients as their propensity for hypoglycaemia may be increased.
Greater attention to this problem is also clearly warranted as
unrecognised hypoglycaemic episodes may be more frequent
than was previously realised.®! The improved insulin responsive-
ness may also be beneficial to the patients from another point of
view as recent studies have indicated an association between
insulin resistance and diabetic complications.3? 33
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Correction

Role of hepatic arterial embolisation in the carcinoid
syndrome

An error occurred in this paper by Dr P N Maton et al (1 October, p 932).
The dosage of fenclonine stated in the fourth and fifth lines of the methods
section should have read 500 mg four times daily.



