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Summary. 4 years after controlled clinical treatment
with a 1000 calorie mixed diet, 24 patients were re-
investigated to assess (1) whether the improved metab-
olism, as observed during therapy, is merely the result
of starvation and (2) to what extent this improvement
continues beyond the time of dietary treatment. — The
following tests were carried out: Oral G.T.T. (100 g),
immunoreactive insulin, free fatty acids, free glycerol,
triglycerides, cholesterol, acetoacetate and beta-hydroxy-
butyrate. — 12 patients had been able to maintain their
weight or reduce further. They showed a slightly improved
glucose tolerance and a more normal secretion kinetic for
msulin release. However, 12 individuals who were found
to have a 35% weight gain (Broca), returning almost to

Previous investigations of metabolic activity
during weight reduction have been limited to the time
of dietary treatment, leaving unanswered the question
of maintained therapeutic effect following this period.
Furthermore, it could not be ascertained whether an
improved metabolism in obese subjects was the result
of slight hunger or weight reduction. For this reason
we have carried out comparative follow-up studies in
patients we reported on earlier [27].

Patients and methods of investigations

In our obesity clinic 37 out-patients with constant
weight were investigated [27]. 4 years after the controlled
clinical treatment they were requested to reattend. One
patient had died in the meantime, 3 patients refused re-
examination and 13 did not reply to our letter. 4 patients
of the present group (n=24) had also been examined
previously, but were not recorded in the preceding publi-
cation.

The patients were requested not to alter their eating
habits on the day prior to the examination; metabolic
changes due to illness, medication or fasting were excluded
on questioning. The weight was determined as on initial
examination. According to previous investigations, the
following tests were performed fasting:

1. (100 g) — glucose tolerance test (0.GTT), {41].
2. Free fatty acids (FFA), [9, 301.

3. Free glycerol [23].

4. Triglycerides [24].

5. Total cholesterol.

6. Acetoacetate (AcAc), [44].

* We are grateful to the ““Deutsche Forschungsge-
meinschaft” and the “Landesamt fur Forschung, Nord-
rhein-Westfalen™ for grants which made this work
possible.

their initial weight, showed a decreased glucose tolerance
compared with previous examination, while insulin levels
were slightly elevated, with a typically delayed secretion.
Both groups showed a weight-independent elevation of
cholesterol and triglyceride levels and a marked decline
of plasma FFA, free glycerol and ketone bodies. The
parameters of lipid metabolism may possibly be influenc-
ed by the composition of the diet, while a change of
weight after reduction primarily affects blood sugar levels
and, to a lesser extent, insulin levels.

Key words: Obesity, glucose tolerance, weight reduc-
tion, long-term prognosis.

7. Beta-Hydroxybutyrate (HBS), [44].
8. Immunoreactive insulin (IRI), [17].

Intravenous glucose tolerance tests and measurements
of insulin-like activity with the fat pad and muscle assay
were not carried out.

The results obtained in 24 patients at the initial
investigation were compared with those of follow-up
studies. They are given as the mean value with standard
error of the mean (X 4+ SEM). The number of investiga-
tions is given in brackets. The statistics of paired com-
parison were made with the aid of Wileoxon’s test [45].

The patients who successfully kept their weight during
the years after treatment (n = 8) or were able to reduce
further (n=4) were compared with those who gained
more than 109, of the normal weight according to Broca
(n=12). The analysis of eating habits revealed that only
5 patients adhered to a strict diet consisting of 1500
calories daily, 8 patients had a calorie intake of about
2000, 9 reported a moderate reduction of food intake,
2 ate according to their appetite.

Results

Change of weight

Table 1 shows that most patients were women with
at least 30 9, overweight, according to Broca (average
+694-69,), before treatment. After the overweight
had been reduced by half (4 389%), an 119, weight
regain (Broca) had resulted within 4 years after the
dietary regime was terminated. Half of the patients of
that group had maintained their weight or reduced
further. The fact that the mean overweight decreased,
in spite of the weight remaining stable, is due to
growth of the younger patients. Five individuals
reached their initial weight, only two exceeded it again.
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Patients with subelinical diabetes (n=12) showed a
mean weight loss of 22.1 kg; metabolically healthy
subjects (n=12) a loss of 16.2 kg. The last group
showed a subsequent weight gain of 7.0 kg, those pa-
tients with impaired carbohydrate metabolism had a
mean weight gain of 9.8 kg.
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elevated. However, constant weight was related to
further improvement of carbohydrate tolerance. Fig. 2
shows that weight change and alteration of fasting
blood sugar after dietary therapy are significantly
correlated, although there is considerable variation of
the values.
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Fig. 1. Blood sugar and lipid metabolites before and after weight reduction as well as on follow-up examination of
the subgroups with moderate weight change and pronounced weight gain after dietary therapy
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Fig. 2. Correlation of weight change and alteration of
fasting blood sugar after dietary therapy
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Fucose lolerance

The group regaining weight showed a marked de-
terioration of carbohydrate tolerance as compared
with the previous investigations (Table 2, Fig. 1). All
blood sugar levels after 100 g glucose p.o. were clearly

Influence on fat metabolism

a) Free fatty acids and free glycerol in fasting
serum (Table 2, Fig. 1): FFA concentrations changed
only slightly with the reducing diet; a definite eleva-
tion of FFA, as evident in periods of fasting, was not
observed. Both groups showed a subsequent significant
decrease with a return to normal values. At the same
time, both groups showed a decline of plasma glycerol
although normal results had not quite been reached.

b) Cholesterol and triglycerides in fasting serum
(Table 2, Fig. 1): Cholesterol as well as triglyceride
levels, which had shown a slight decline during treat-
ment, increased significantly. Since both groups were
affected, the increase appears to be weight-independ-
ent.

¢) Ketone bodies in fasting serum (Fig. 1): Ketone
bodies during reducing therapy were only observed in
9 persons and a slight decrease was noted which con-
tinued further. On account of the small number of
patients, a subdivision according to weight change was
not made.

Influence on serum insulin results
For better comparison, the insulin values obtained
at the present investigation were meagured together
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with serum samples previously obtained during the
weight reduction period. The results obtained on the
latter samples were found to be similar to those re-
ported earlier [27]. In response to a glucose load, there
was a typical elevation of insulin levels with delayed
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to the normal pattern. Maximal values were observed
at 60 min followed by a definite drop after two hours.
However, in patients who had regained weight, there
remained a delayed maximum and moderate decrease,
typically seen in obesity.

Table 1. Olinical data of the groups before and after dietary therapy as well as on
Jollow-up examination

Total Moderate weight Pronounced
change weight gain
Number 24 12 12
Females 18 11 7
Age (years) 47.3 (21—68)2 46.4 (21—68) 48.1 (31—67)
Years after reduction 4.1 (2.3—5.4) 3.8 (2.3—5.4) 4.4 (3.2—5.2)
Overweight,
before weight L6916 --68--10 +70+8
reduction
after weight +38+5 +43-+8 +33+7
reduction
follow-up +49-4-6 +41+9 +-58+6
Weight (kg)
before weight 10314 10845 9816
reduction
after weight 8444 9215 76--5
reduction
follow-up 92--3 9245 924-5

a Range in brackets b Mean (x 4+ SEM).

Table 2. Blood glucose, serum tnsulin (IRI) and lipid meiabolites before and after weight reduction as well as on follow-up
examination. Means + SEM, number of assays in brackets

assay
(range of controls)®

subjects with

subjects with
moderate weight change

pronounced weight gain

before after followup pe before after followup pe
Bloodsugar? 86--3 842 8113 8014 7713 8914 %
[ |
(7422 mg%) (12) (12) (12) (12) (12) 1) *%
120’ Blood-P sugar 13049 1184-6 114410 1309 123+5 145414
0
(1003 mg%) (12) (12) (12) (12 (12 2) *
IRI2 30+11 164 1244 2346 15+2 18+4
(268 U/ml) (11) (11) (10) (11) (11) (11)
120’ IRIP 704+ 17 93+26 7919 111416 72413 89417
(68410 U/ml) 9 9 9 (11) (11) (10)
FFA= 71545 663144 519415  *¥% 61930 611141 543422 *x
]
(551460 moles/1) (11) (1T o) x5 (11) (11) (11)
Glycerola 97411 76411 74412 11612 77+10 7246
(52--9.4 moles/1) (11) (11) (11) (11) (11) (12)
Cholesterola 227416 216115 243 -+-19 231115 215+ 8 245411 wkk
0

(196114 mg) (11) (11) (11) (11) (11 12)
Triglycerideg? 1.1640.1 1.004-0.2 1.354+0.2 #% 1.044-0.1 0.82-4-0.1 1.33--0.2 Hk
(0.654-0,15 mmoles/1) (9) (10) ) (9) 11y 12)
number of patients 5 1 3 7 3 9
with impaired GTT

a Bagal values b After 100 g of glucose by mouth

¢ Significances of paired comparison: * = p<0.05, ** = p <0.02, *** = p<0.01 4 According to [27]
and enhanced secretion, as well as reduced decline Discussion

after 3 h, (Table 2, Fig. 3).

At the end of therapy, the sub-group with slight
weight change showed a slightly increased insulin
secretion after glucose and a secretion kinetic similar

The beneficial effects of weight reduction on the
parameters of carbohydrate and fat metabolism have
been well documented [3, 5, 12, 14, 15, 18, 19, 20, 21,

Diabetologia, Vol. 9 14
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27, 35]. However, Grodsky in particular has pointed
out that long-term follow-up studies on metabolic
changes after cessation of reducing therapy are sparse
[18, 29, 31]. The weight change of our follow-up pa-
tients was consistent with that found by other in-
vestigators [25, 43], namely a small number of patients
returned to or exceeded their initial weight while half
of them maintained their weight loss or even reduced
further,
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weight remained lowered while only 4 subjects of this
group slightly exceeded their original weight. The
group with more or less constant weight showed a
further slight reduction of blood sugar following glu-
cose load. This finding may be interpreted as indicat-
ing that improvement in carbohydrate folerance, as
seen during the course of dietary measures, is not
merely the effect of low caloric nufrition but also the
result of reduced body weight. This hypothesis is
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Fig. 3. Serum ingulin after 100g glucose p.o. before and after weight reduction as well as on follow-up examination
of the subgroups with moderate weight change and with weight gain after dietary therapy

Psychological investigations of obese persons {1, 43]
have shown that those subjects who lost weight rapidly
during therapy, i.e. who were particularly cooperative,
are less able to resist influences in their environment
leading to obesity and therefore show a greater tend-
ency to inerease subsequently in weight. This fact is
confirmed by the present results. While the group with
severe obesity showed a reduction of 22 kg during
therapy, which is far above that of the other group
with a weight loss of 16 kg (Table 1), it gained sub-
sequently much more weight (+ 16 kg) than the other
group (40 kg).

14 is also interesting that weight changes appear to
be related to carbohydrate tolerance. While experi-
ments with low calorie diets and appetite suppressors
[26] have shown a tendency for overt diabetics to
react less favourable fo treatment than non-diabetics,
the present investigations showed patients with im-
pairment of glucose tolerance to have a mean weight
loss of 22.1 kg as compared with metabolically healthy
individuals who had lost 16.2 kg. This is possibly de-
pendent on a stronger motivation. Similarly, the bene-
ficial role of motivation in dietary treatment has been
observed in pilots [22].

Carbohydrate metabolism

Follow.up tests showed that in the group with a
marked gain in weight blood sugar during the oral
G.T.T. clearly exceeded the levels at the beginning of
the study. This result is remarkable, since mean body

further supported by the fact that the number of sub-
clinical diabetics in the group of patients with weight
regain increased from 3 to 9, thus being higher than
before dietary therapy, while the other group showed
no significant change. It is therefore also unlikely that
the significant deterioration of glucose tolerance in the
group regaining weight is a consequenece of the subjects
now being 4 years older [4].

For the total group a significant correlation (r=
0.46, p < 0.025) can be established between long-term
weight change and alteration of fasting blood sugar, as
we described previously in diabetics [28].

These findings support the long-term effect of
“relative body weight” wupon glucose metabolism
indicating that partial regain of body weight can induce
marked deterioration.

Lipids

A clear difference between the sub-groups, as ob-
served for glucose tolerance, could not be demonstrated
with triglycerides and cholesterol. During the follow-up
period the results increased beyond the initial value in
both groups; however, the elevation was only statisti-
cally significant in the sub-group with weight regain.
Tt remains questionable as to what extent the increase
in age [39] and the quantitative and gualitative change
of food, which proved difficult to record, may have
influenced these results. Ohlson stated that weight
reduction lowers lipids only temporarily [33].
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Free fatty acids, free glycerol and ketone bodies

The decrease of fasting levels of free fatty acids and
of free glycerol continued in both groups, but in the
group with weight regain there was a diminished effect.
Ketone bodies could only be determined in some pa-
tients; consequently, only a small number could be
followed up and this prevented further subdivision.
The ketone bodies as well as the serum concentration
of glycerol and free fatty acids decreased further in the
total group. These four parameters, which most likely
reflect the actual metabolic situation at the time of the
blood test, as compared with the slower reacting blood
sugar, triglyceride and cholesterol concentrations,
were not influenced by the gradual change of weight.
The nutrition prior to testing appears to be a decisive
factor. The behaviour of the ketone bodies shows that
the latent state of hunger at the end of the reducing
period was no longer present at the time of follow-up
examination.

Serum insulin

With the determination of insulin levels certain
difficulties were encountered. It is known from publica-
tions by Powers et al. [34] that extended storage of
serum leads to altered insulin-like activity results. In
addition, repeated thawing or freezing may interfere
with the determination. In spite of these implications,
we felt that IRI determinations on serum obtained be-
fore the follow-up study should be repeated. In general
the quoted results in Fig. 3 and Table 2 do not differ
much from the original estimations.

Summarizing, it may be concluded that in the
group with slight weight change, no significant altera-
tion of serum insulin levels was noted, nor did this
group show a clear alteration of the adaptive hyperin-
sulinism. The sub-group with marked weight gain
during the follow-up period had showed, subsequent to
extensive weight loss, a definite decline of serum in-
sulin levels; during the subsequent weight increase the
IRI levels ranged between the values before and after
dietary therapy, i.e. the serum insulin levels were pro-
portional to the extent of the alteration in weight.
Similar findings were reported by us in earlier investi-
gations [27]. The changes in blood glucose were more
pronounced than those in serum IRI. It appears that
the secretion kinetics were near normal in patients who
maintained their weight reduction. After weight in-
crease, the typical reaction characteristic of obesity
was clearly demonstrable. These investigations do not
permit a conclusion as to the origin of hyperinsulinism
[6, 7, 20, 21, 27, 32, 37, 38]. An increased ‘resistance’
may be of prime importance [2, 8, 13, 16, 35].

In conclusion, our investigations reveal that
weight change after dietary therapy influences pri-
marily the blood sugar level, secondarily the serum
insulin secretion. The level of serum cholesterol and
triglycerides rose and this was little modified by the
alteration of weight. It is suggested that blood lipids
may primarily reflect the dietary intake.

R. Hewing et al.: Weight Regain after Low Calorie Diet
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It would be desirable to supplement these investiga-
tions with long-term studies, incorporating other
methods of weight reduction (fasting, appetite sup-
pressors, fat-increased diet).
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