Suppression of Insulin Secretion by
Protein Deprivation in Obesity
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The effect of low protein diets on insulin levels was
studied in 17 obese, nondiabetic hyperinsulinemic
subjects. Their mean weight was 271% of ideal
waeight. Nine patients were fed a weight-maintaining
3700-calorie diet for 14 days; this diet contained 398
g carbohydrate and 170 g protein. The patients were
then fed an isocaloric diet containing only 6 g protein
and 587 g carbohydrate for 14 more days. Mean
basal insulin levels decreased from 50.4 to 34.7
uU/mi. This decrease was accompanied by a signifi-
cant decrease in mean plasma glucose. In seven
patients who were fed the low-protein diet after a
4-day period of total fast, the low-protein diet
prevented the recovery of basal insulin levels
decreased during fasting. These findings were in
contrast to the apparent recovery of basal insulin
levels observed when the control rather than the
low-protein diet was refed in 4 patients following
a fast. The suppression of basal insulin levels by
protein deprivation was not correlated with changes
in plasma glucose, glucagon, urinary 17-hydroxycor-
ticoids, or body weight. Although urinary 17-hydrox-
ycorticoids and free cortisol decreased significantly
on protein-restricted diets, treatment with cortisol
did not prevent the effect of protein deprivation on
basal insulin and glucose levels. Plasma levels of
branched chain amino acids (valine, leucine, and
isoleucine) decreased in parallel to insulin levels on
the isocaloric low-protein diets. We conclude that
protein-restricted diets can decrease basal plasma
insulin levels in obesity even in the presence of
sufficient calories to maintain weight and high
carbohydrate content. Of the factors investigated
that may account for this phenomenon, it is uniikely
that glucagon, glucose, or cortisol play a direct role.
It is possible that protein as well as carbohydrate
plays a role in the development of hyperinsulinemia
and insulin resistance in obesity.

YPERINSULINEMIA, decreased sensi-

tivity of peripheral tissues to both exoge-
nous and endogenous insulin and abnormalities
of glucose tolerance are frequent findings in
obesity."” These abnormalities are reversed by
dietary deprivation and weight reduction® and
induced in normal subjects made obese by over-
feeding.® The role of specific nutrients in the
hyperinsulinemia of obese people has not been
clearly defined. Studies by Grey and Kipnis’
suggest that diets high in carbohydrate are asso-
ciated with hyperinsulinemia whereas isocaloric
diets low in carbohydrate decrease circulating
insulin levels. In contrast to these observations,
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Bierman® and Brunzell et al.’ reported that high
carbohydrate diets given to normal subjects or
mildly diabetic patients decrease basal and
glucose-stimulated insulin levels and improve
glucose tolerance. The role of dietary protein in
the hyperinsulinemia of human obesity has not
been reported.

The present study investigates the effect of
low-protein diets on insulin levels in obesity. The
results suggest that protein deprivation, even in
the presence of high caloric and carbohydrate
intake, suppresses basal insulin levels.

MATERIALS AND METHODS

Seventeen obese, nondiabetic, hyperinsulinemic subjects
were studied. Twelve were male and five were female; their
mean age was 30.9 + 2.1 yr (mean = SE), and their mean
weight was 271 = 12.4% of ideal weight. On a weight-
maintaining mixed diet, mean basal glucose levels were
normal, 96.6 + 3.8 mg/dl, but mean basal insulin levels (57.8
+ 5.3 pU/dl) and mean insulin/glucose (I/G) ratio, (0.59 +
0.05) were high. These levels were in contrast to those
obtained in 235 nonobese, nondiabetic subjects whose values
were 93.7 + 0.96, 8.15 = 0.58, and 0.086 + 0.005, respective-
ly.

Studies were performed according to the following general
protocol: Patients were admitted to the Clinical Research
Center for the duration of the study; they were kept under
strictly supervised conditions and although they were ambu-
latory, their activities were restricted to the metabolic unit.
They were initially placed on a control diet. The caloric
content of this diet was sufficient to maintain body weight as
established during a preliminary period of observation. The
diet consisted of food of mixed composition, providing 50% of
the calories as carbohydrate and 20% as protein. The carbo-
hydrate was given in the form of equal proportions of simple
and complex sugars. Once a weight maintenance level had
been established, the diet was fed for a total of 14 days. The
control diet was then followed by: (1) a total fast for 4 days,
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during which only calorie-free liquids were allowed; and (2)
an experimental protein-restricted diet as described below
for 14 days. In some cases, the fast was followed by either the
control diet or the protein-restricted diet for periods of 14
days each.

Piasma insuiin, giucose, giucagon, cortisoi, amino-acid
levels, urinary 17-hydroxycorticoids {(17-OHCS), and free
cortisol were measured at the end of each diet or on the last
day of the total fast. Plasma insulin,' glucagon,' and corti-
sol'? and urinary free cortisol were measured by radicimmu-
noassay, piasma gilucose by autoanalyzer,” urinary i7-
OHCS by the method of Silber and Porter,'* and plasma
amino acid levels by a Beckman amino acid analyzer. The
data was analyzed for statistical significance by a Student’s t
test. Values are expressed as mean + SE.

The insulin/glucose {1/G) ratio is used in this study as an
expression of the relationship between insulin and glucose
and its relative change during the administration of the
various experimental diets.

The well-known decrease in plasma insulin
ieveis observed in obese peopie during total fast
is illustrated in Fig. 1. Seven obese subjects were

studied on a wclgut mauuduuug, 3300-calorie,
mixed diet for 14 days; they were subsequently

facted far 4 dave There wae a cignificant fall in
1asted Ior 4 gays. 1 aere was a signincant ia. in

plasma insulin and glucose and the 1/G ratio at
the end of the fast.

As shown in Fig. 2, a suppressive effect quali-
tatively similar to that produced by total fast was
also observed with diets deficient in protein but
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Fig. 1. Suppression of basal plasma insulin, glucose,
and 1/G ratio by total fast in seven obese, nondiabetic
patients.
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Fig. 2. Suppression of basal plasma insulin, glucose,

and 1/G ratio by low-protein diets in nine obese, nondie-

betic patients.

adequate in calories to maintain weight. Nine
obese patients were fed a weight-maintaining,
3700-calorie diet for 14 days. This diet contained
398 g carbohydrate and 170 g protein. The
patients were then fed an isocaloric diet contain-
ing only 6 g protein for 14 more days. This diet
contained 587 g carbohydrate.

Protein restriction caused a significant
decrease in mean basal insulin leveis, from 50.4
10 34 7 uU / ml This decrease was accompanied

plasma glucose level from 96 to 87 mg/dl and in
the mean 1/G ratiao from 0N S1 ta 0 39,

the mean 1/G ratio from 0.51 t0 0.39

To rule out the possibility that the decrease in
insulin levels observed with protein restriction
was due to the concomitant increase in carbohy-
drate intake as previously reported,”® four obese
subjects were fed a weight-maintaining, 3500-
calorie diet for 28 days. This diet contained 130
g protein. For the first 14 days, the carbohydrate
content was 437 g; for the last 14 days, 612 g. As
shown in Fig. 3, there was little suppression of
plasma insulin or glucose when the high-carbo-
hydrate diet was fed without restriction of

protein.
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Fig. 3. Lack of suppression of basal plasma insulin
when high-carbohydrate diets are fed without restriction
of protein.

They were then fed an isocaloric diet containing
only 20 g protein for 20 days. Mean basal plasma
insulin levels decreased on the low-protein diet.
However, mean basal plasma glucose did not
change.
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Fig. 4. Suppression of plasma insulin levels by moder-
ately (20 g) protein-restricted diets, in 2 obese patients.
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As shown in Fig. 5, protein restriction can also
prevent the recovery with refeeding of plasma
insulin levels suppressed by total fast. Seven
patients were fed a weight-maintaining, 3300-
calorie diet for 14 days. This diet contained 345
g carbohydrate and 147 g protein. They then
fasted for 4 days. The fast was followed by a
3300-calorie diet containing only 6 g protein for
14 days. There was a significant decrease in
values during fasting, but no significant recovery
occurred during the low-protein diet, despite the
fact that the carbohydrate content of this diet,
582 g, was higher than the control diet.

These findings are in contrast to the apparent
recovery of basal insulin levels observed when
the control, rather than the low-protein diet, is
refed following a fast. Figure 6 shows this effect
clearly demonstrated in four . patients during
sequential feeding and fasting periods. Insulin
and glucose values decreased during each fasting
period, recovered with refeeding of the control
diet, but remained suppressed on the low-protein
diet.

Several studies were performed in order to
elucidate the mechanism(s) by which protein
restriction decreased basal insulin levels in the
obese subjects. Protein restriction might have
directly suppressed $-cell function. Alternative-
ly, factors that are known to influence insulin
secretion and are abnormal in obesity might
have been affected by protein restriction and
caused the lowered basal insulin levels. Changes
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Fig. 5. Suppression of plasma insulin, glucose, and I/G
ratio by fasting in seven obese, nondiabetic subjects. Lack
of recovery with low protein diets.
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in plasma glucose, glucagon, cortisol, amino
acids, and body weight were measured among
these factors. There was lack of correlation
between changes in basal plasma insulin levels
and changes in plasma glucose (correlation coef-
ficient 0.2426), glucagon (0.4221), urinary 17-
OHCS 0.0822), and body weight (0.0846)
during protein deprivation. Plasma glucagon
levels changed inconsistently on the isocaloric
low-protein diets. The change ranged from a
decrease of 25% to an increase of 100%.
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Fig. 7. Failure of cortisol treatment to prevent the

suppression of plasma insulin by low-protein diets in five
obese patients.

Urinary 17-OHCS and free cortisol decreased
significantly on protein-restricted diets; urinary
17-OHCS from a mean value of 12.0 + 1.6 to
8.6 + 1.0 mg/d (p < 0.005), and urinary free
cortisol from a mean value of 100 = 30 to 63 =
10.6 ug/d, (p < 0.01), n — 8. However, as shown
in Fig. 7, the administration of cortisol during
isocaloric low-protein diets in doses equivalent to
basal cortisol secretion rates did not prevent the
decrease in basal insulin and glucose levels
induced by the low-protein diet.

The plasma levels of the branched chain
amino acids valine, leucine, and isoleucine
decreased in parallel to insulin levels on the
isocaloric low-protein diet. Valine decreased
from a mean value of 318.9 + 33.8t0 161.3 = 23
nm/ml (p < 0.005), leucine from 152.2 + 24.0
to 77.8 + 15.4 nm/ml (p < 0.05), and isoleucine
from 84.3 + 13.8 to 50.4 = 8.5 nm/ml (p <
0.025), NV = 4. Levels returned to control values
when the control diet was refed.

DISCUSSION

It is clear from these and previously published
studies®'>'® that diet plays an important role in
the hyperinsulinemia and associated abnormali-
ties of glucose tolerance frequently observed in
obesity. It has been postulated that increased
food intake in obesity leads to overstimulation of
B-cell function and hyperinsulinemia that can be
detected both in the basal state and in response
to insulin secretagogues. Concomitant with the
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rise in plasma insulin levels, there occurs a
decrease in peripheral sensitivity to insulin and,
frequently, abnormalities of glucose metabolism.
The abnormalities in insulin secretion and
glucose tolerance observed in obesity are
reversed by dietary deprivation and weight
reduction. In addition, Sims et al.® have been
able to induce these abnormalities in normal
subjects who are made obese by overfeeding.
Studies by Grey and Kipnis’ suggest that diets
high in carbohydrate (65% of calories) are asso-
ciated with hyperinsulinemia while isocaloric
diets low in carbohydrate (25% of calories)
decrease circulating insulin levels. These authors
postulated that high carbohydrate ingestion
provides greater stimulation of pancreatic §-cell
function in the obese as compared to the nono-
bese subject. In contrast with these observations,
Bierman® and Brunzell et al.’ reported that high-
carbohydrate diets (85% of calories) given to
normal subjects and mildly diabetic patients (1)
decrease fasting blood glucose, (2) improve
glucose tolerance, (3) decrease basal and
glucose-stimulated insulin levels, and (4)
improve peripheral sensitivity to insulin. The
type of carbohydrate fed may also affect insulin
levels. The insulin response to glucose of the
isolated perfused pancreas was much greater
when rats were fed a high-sucrose rather than a
high-starch diet for several weeks prior to sacri-
fice.'” The role of various types of carbohydrates
(sucrose versus starches) in the modulation of
insulin secretion and glicose metabolism in
obese people has not been defined.

The data reported here demonstrates that
protein restriction per se without restriction of
calories or carbohydrate can also lower the high
insulin levels found in obese people. In fact, these
changes occurred in the presence of high carbo-
hydrate intake that had been postulated to stim-
ulate insulin secretion.

The mechanism by which protein deprivation
lowers plasma insulin levels remains to be
defined. Like and Chick'® demonstrated a signif-
icant decrease in the B-cell mitotic activity of
mice with hereditary diabetes fed diets low in
protein but high in carbohydrate. Similarly, in
the experiments reported here in obese subjects,
protein deficiency may have suppressed insulin
secretion by a direct effect on 3-cell function.

Alternatively, protein deficiency could have
decreased plasma insulin levels by modifying
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other factors believed to be involved in the
pathogenesis of the hyperinsulinemia and
peripheral insulin resistance found in obese
people. A direct correlation between plasma
insulin levels and adipose cell size has been
found in obese subjects.”® In addition, decreased
intracellular glucose metabolism has been found
in large adipocytes.”®”' Food deprivation may
decrease insulin levels by reducing the size of
adipocytes. However, it is unlikely that a
decrease in fat cell size occurred in our subjects
during isocaloric low-protein diets, accounting
for the changes observed in basal insulin levels.
Although we have not measured fat cell size,
total body weight remained constant for the
duration of the isocaloric diets.

A lack of direct correlation between changes
in basal insulin and plasma glucose or glucagon
tends to rule out a primary change in these two
factors as the mechanism involved during
protein restriction. Instead, it is likely that a
decrease in plasma insulin secondarily improved
peripheral insulin sensitivity and lowered plasma
glucose. Archer et al.”2 have reported that circu-
lating peripheral lymphocytes obtained from
obese subjects bind less insulin than those from
normal subjects. DeMeyts et al.? and Gavin et
al.> have demonstrated that the number of avail-
able insulin receptors is decreased by increased
concentrations of insulin. Thus, in our obese
hyperinsulinemic patients, a reduction in insulin
secretion by diet could have secondarily
increased the number of insulin receptors and
enhanced peripheral insulin sensitivity. This
could explain the decrease in the I/G ratio
observed in our study. Although this ratio is
affected by changes in the number and affinity
of insulin receptors, it is also influenced by other
factors that can independently influence glucose
fluxes and insulin secretion.

Urinary 17-OHCS and cortisol secretion rates
are found to be increased in 30%-50% of obese
people.”® Concomitant with this increase are
normal plasma cortisol levels; their circadian
rhythm is preserved and they respond normally
to suppression with dexamethasone. It is possible
that excessive cortisol secretion contributes to
the hyperinsulinemia and insulin resistance
observed in obesity. Vague et al.”® reported that
a better positive correlation exists between
insulin and urinary 17-OHCS than between
insulin and either weight or excess weight. Simi-
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larly, a positive correlation exists between
urinary 17-OHCS and the 1/G ratio in nondia-
betic obese patients. Suppression of indices of
cortisol secretion by protein deprivation has been
previously reported.”” Thus, the lowering of
insulin levels on protein restriction might have
been mediated by changes in cortisol secretion.
The decrease in insulin levels with protein depri-
vation during treatment with cortisol argues
against this possibility.

The plasma level of branched chain amino
acids is elevated in obesity,”* probably as a
consequence of diminished insulin action on
muscle. Branched chain amino acids are believed
to be capable of stimulating insulin release. On
protein deprivation, there was a marked decrease
in the plasma level of branched chain amino
acids, and this decrease could have mediated the
decrease in basal insulin levels. More definitive
studies, in which patients are fed branched chain
amino acids to restore the plasma levels of the
amino acids to those of the control period during
protein deprivation, have not been carried out.

The role of gastrointestinal hormones in the
suppression of insulin levels during protein
restriction has not been studied. It is known that
somatostatin and gastric inhibitory polypeptide
(GIP) play a role in nutrient absorption and
nutrient-stimulated insulin secretion.’*® Somato-
statin secretion is deficient in obese hypergly-
cemic mice.” A deficiency of somatostatin might
explain the development of hyperinsulinemia in
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these animals. Hypersecretion of GIP has been
observed® in obese subjects with normal glucose
tolerance after ingestion of a mixed meal. This
abnormality can be reversed by calorie restric-
tion, suggesting that the hypersecretion of GIP is
secondary to obesity and excessive food intake.
Thus, protein deprivation could have decreased
basal insulin levels by modifying the basal
secretion of these gastrointestinal hormones.

The effect of protein deprivation on basal
insulin levels in obesity differ from those
observed in patients with protein calorie malnu-
trition (PCM).**** In the latter, basal insulin
levels are the same during the state of malnutri-
tion and following refeeding. The major abnor-
mality in these patients is an impairment in early
phase insulin release, accompanied by glucose
intolerance. In contrast to our obese subjects,
who were being fed weight-maintaining diets
with high carbohydrate content, patients with
PCM are on chronic caloric restriction and their
potassium and metabolic substrates are probably
depleted.

The results reported here on protein depriva-
tion do not necessarily imply that a high protein
intake is responsible for hyperinsulinemia in
obesity. However, because of its well-known
ability to stimulate insulin secretion,” protein
may indeed play a role in the pathogenesis of the
hyperinsulinemia and insulin resistance found in
obesity.
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