
It has been shown in a large sample of the general
population, that obesity itself represents an inde-
pendent risk factor for increased mortality [1, 2].

Therefore, obesity and its related disorders constitute
one of the most relevant health and social problems
of the present era because of the high cost and dis-
ability which it imposes on the individual and the
community [3–5].

Insulin resistance is a prominent biological marker
of obesity. In particular, it is a phenomenon repre-
sented by high plasma insulin levels, both in the fast-
ing state and postprandially, and is associated with
normal levels of blood glucose. In other words an ob-
ese individual needs more insulin to reach a euglycae-
mic state. This condition is more pronounced in obese
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Summary The aim of the present study was to mea-
sure whole body glucose uptake (M) and oxidation
rate by euglycaemic hyperinsulinaemic clamp and in-
direct calorimetry in 7 morbidly obese subjects
(BMI > 40 kg/m2) at three time points: before bilio-
pancreatic diversion (BPD) surgery (Ob); 3 months
after surgery (POI); and after reaching stable body
weight, at least 2 years after surgery (POII). A group
of 7 control subjects (C), matched groupwise for sex,
age and BMI with POII patients, was also studied.
The M value at POI was significantly higher than at
Ob (49.12 ± 8.57 vs 18.14 ± 8.57 mmol ⋅ kg−1 ⋅ min−1).
No statistical difference was observed between the
POII and C groups. Similarly, glucose oxidation rate
was significantly increased at POI with respect to Ob
(24.2 ± 7.23 vs 9.42 ± 3.91 mmol ⋅ kg−1 ⋅ min−1) and was
not significantly different between POII and C. Basal
levels of non-esterified fatty acids (NEFA) decreased
significantly both from Ob to POI and from POI to
POII (1517.1 ± 223.9 vs 1039.6 ± 283.4 vs 616.0 ±
77.6 mmol ⋅ l−1). The same applied to basal plasma tri-
glycerides (2.07 ± 0.77 vs 1.36 ± 0.49 vs 0.80 ± 0.19 g ⋅
l−1). Weight decreased mainly in the late postoperative

period (POI to POII 124.28 ± 11.22 to 69.71 ± 11.78,
83% of total decrement), rather than in the early
postoperative period (Ob to POI 135.25 ± 14.99 to
124.28 ± 11.22 kg, 17 % of total decrement). We also
report the clinical case of a young woman of normal
weight, who underwent BPD for chylomicronaemia
(secondary to familial lipoprotein lipase deficiency),
whose M value, plasma insulin and blood glucose lev-
els were normalized upon normalization of serum
NEFA and triglyceride levels as determined by the
therapeutic lipid malabsorption. In conclusion, in
obese diabetic patients lipid malabsorption induced
by BPD causes a definite enhancement of insulin sen-
sitivity and glucose tolerance. This improvement in
metabolism is noticeable before the surgery has ma-
jor effects on body weight. These observations sug-
gest that lowered plasma lipids, rather than weight
loss per se, are the cause of the reversibility of insulin
resistance. [Diabetologia (1997) 40: 599–605]
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patients with non-insulin-dependent diabetes melli-
tus (NIDDM) than in obese individuals without
NIDDM or impaired glucose tolerance. There is evi-
dence [6] that to a great extent insulin resistance is a
consequence of a reduced glucose deposition as gly-
cogen in skeletal muscle, which makes up 40% of
body weight. The initiating factor seems to be related
to a reduced glycogen synthase activity, not involving
the enzyme itself, but rather the covalent activation
of the entire enzyme system [6]. This notion is sup-
ported by studies indicating that a hypocaloric diet
may have a number of effects: 1) it may reverse the
diabetic state [7]; 2) it may completely reverse the de-
cline in number of insulin receptors and in insulin-re-
ceptor tyrosine kinase activity in human adipocytes
[8]; 3) it may normalize glucose transporter activity
in adipocytes from obese diabetic patients [9].

However, although diet is known to improve insu-
lin-mediated glucose disposal in skeletal muscle, nor-
mal insulin sensitivity has never been shown to be de-
finitively restored in obese humans. One major prob-
lem in these subjects is the difficulty of achieving a
stable reduction to normal weight simply by means
of a low-calorie diet. The use of bariatric surgery, in
particular bilio-pancreatic diversion (BPD), to in-
duce nutrient malabsorption and adequate weight
loss has been shown to be successful in achieving a
stable near-normal weight in obese subjects [10–12].
The present study stems from previous clinical obser-
vations (unpublished data) on obese patients with
NIDDM, who after being treated with variable suc-
cess with oral hypoglycaemic agents or even with
high daily doses of insulin, experienced a complete
reversal of NIDDM after weight loss induced by bar-
iatric surgery.

We decided, therefore, to measure whole body
glucose uptake and oxidation during a euglycaemic
hyperinsulinaemic clamp in a group of morbidly ob-
ese subjects (BMI > 40 kg/m2) before BPD, 3 months
after BPD (before substantial weight loss occurred,
but after postoperative stabilization and the estab-
lishment of massive lipid malabsorption, with subse-
quent lowering of plasma lipids) and after the attain-
ment of near-normal, constant body weight through
BPD surgery (no less than 2 years postoperatively).
A control group of normal volunteers was tested in
the same way.

The hypothesis to be tested was whether the re-
versibility of insulin resistance, diagnosed by an oral
or intravenous glucose tolerance test in post-obese
subjects after BPD [13–15], was confirmed by the eu-
glycaemic hyperinsulinaemic clamp. In this case, we
wanted to determine to what extent normalization of
insulin sensitivity is associated with the short-term
decrease in blood lipid concentration as compared to
the long-term body weight loss.

In the present paper we also report data on a clini-
cal case [16]: a normal weight 18 year old female with

a congenital deficit of lipoprotein lipase, who under-
went BPD in order to reduce lipid absorption and
plasma levels of triglycerides. Preoperatively this girl
was diabetic and insulin resistant; after BPD she not
only showed a normalization of lipaemia but also the
disappearance of diabetes, unaccompanied by weight
loss.

Subjects and methods

Subjects. The study groups consisted of 7 non-obese healthy
volunteers (C) and 7 obese, diabetic patients studied three
times: before (Ob), 3 months after BPD (POI) and after reac-
hing a stable, near-normal body weight for at least 1 year,
which was attained between 2 and 3 years after BPD (POII).
Control subjects were matched groupwise for sex, age and
body mass index with POII subjects. The anthropometric char-
acteristics of the subjects are reported in Table 1.

In PO subjects duodenal aspiration and bacteriology were
performed before enrollment into the study, to examine the
frequency of small intestine bacterial overgrowth (possibly af-
fecting calculation of substrate oxidation due to bacterial me-
tabolism): values less than 100 organism/ml were considered
suitable [13, 15].

Body composition was estimated on the basis of total body
water (TBW) [17] measured by isotopic dilution. On the day
preceding the clamp evaluation each subject was given 80 mCi
of tritiated water (100 mCi/ml) in 5 ml of physiological saline
solution as an intravenous bolus injection. Blood samples
were obtained every 30 min for 180 min and the plasma radio-
activity counted with a beta-scintillation counter (Model
1600TR; Canberra, Conn., USA). Each determination was ob-
tained in duplicate with 0.5 ml of plasma. The resulting values
(dpm) were plotted against time (min), thus obtaining the stea-
dy-state concentration (dpm/ml) of the tracer, and conse-
quently its apparent volume of distribution (TBW in litres).
The fat-free mass (kg) was approximated by dividing the
TBW by 0.73 [17].

Subjects were clinically euthyroid, had no evidence of renal,
cardiac or hepatic dysfunction and were not treated with drugs
(other than those for diabetes) which could affect carbohy-
drate or insulin metabolism; none of the subjects was a smoker.
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Table 1. Anthropometric characteristics of the three groups of
subjects examined

n Obese
(7)

POI POII Control
group
(7)

Sex
(male/female) 4/3 4/3

Age (years) 39.6 ± 12.9 40 ± 13.0 42.2 ± 12.8 41.7 ± 2.25

Height (cm) 169 ± 7 170 ± 9

Weight (kg) 135 ± 15 124 ± 11 70 ± 12 68 ± 9

Body mass
index (kg/m2) 47.4 ± 4.7 43.6 ± 4.3 24.1 ± 3.2 23.3 ± 1.4

Fat-free mass
(kg) 76 ± 8 74 ± 7 51 ± 10 55 ± 9

Fat mass (kg) 59 ± 10 50 ± 7 19 ± 4 13 ± 2

Data are mean ± SD



Obese diabetic patients were treated with a therapeutic
regimen of 3 tablets per day of oral hypoglycaemic agents
(glibenclamide 2.5 mg + metformin 400 mg) plus a bed-time
dose (from 20 to 40 IU) of human intermediate action insulin
(Protaphane HM; NovoNordisk, Gentofte, Denmark). This
treatment was progressively reduced postoperatively, and
by 1 month after surgery was completely discontinued in all
cases.

All subjects consumed a weight-maintaining diet consisting
of at least 250 g of carbohydrate per day for 1 week before the
study.

The study protocol followed the guidelines of the hospital
ethics committee and all subjects gave their written informed
consent.

Experimental protocol. The subjects were studied in the post-
absorptive state after a 12–14 h overnight fast. Blood glucose
level of the diabetic patients was kept below 5.55 mmol/l by
small bolus doses of short-acting human insulin (Actrapid
HM; Novo Nordisk) until the beginning of the study.

All subjects were admitted to the Department of Metabolic
Diseases of the Catholic University School of Medicine in
Rome at 19.00 hours on the day before the study. At
07.00 hours on the following morning, indirect calorimetry
was started: the infusion catheter was inserted into an antecu-
bital vein; the sampling catheter was introduced in the con-
tralateral dorsal hand vein and this hand was kept in a heated
box (60 °C) in order to obtain arterialized blood. A basal blood
sample was obtained, from which insulin, glucose, triglycerides
and non-esterified fatty acids (NEFA) were measured. At
08.00 hours, after a 12–14 h overnight fast, the euglycaemic hy-
perinsulinaemic glucose clamp was performed according to
DeFronzo et al. [18]. A priming dose of short-acting human in-
sulin was given during the initial 10 min in a logarithmically de-
creasing manner, in order to raise acutely the plasma insulin to
the desired level. Insulinaemia was then maintained with a
continuous infusion of insulin at a rate of 40 mU ⋅ m2 ⋅ min−1

for 110 min. During the clamp, the glucose level was monitored
every 5 min and the infusion rate of a 20 % glucose solution
was adjusted following the algorithm detailed by DeFronzo et
al. [18]. Because serum potassium levels tend to fall during
this procedure, KCl was given at a rate of 15–20 mEq/h to
maintain the serum potassium between 3.5 and 4.5 mEq/l. The
glucose uptake rates of the last 40 min (between 80 and
120 min of the clamp) were averaged to calculate the overall
glucose disposal rate (M value).

Arterialized blood samples were collected every 20 min
during the clamp study in order to measure insulin and NEFA
concentrations.

The subjects emptied their bladders before starting the
study, during the clamp urine was collected to measure the uri-
nary nitrogen loss for each subject, which was used for the cal-
orimetry computations.

Respiratory gas exchange was measured by an open-circuit
ventilated-hood system (monitor MBM-100; Deltatrac, Datex
Instrumentarium Corporation, Helsinki, Finland). Energy ex-
penditure, respiratory quotient, and substrate oxidation rate
were calculated from the oxygen consumption, the carbon di-
oxide production, and the nitrogen urinary excretion accord-
ing to Ferrannini [19]. Respiratory gas exchange measure-
ments were started 45 min before starting the clamp to mea-
sure the resting energy expenditure and continued during the
120 min of the clamp.

Obese subjects underwent the study three times: first, when
scheduled for BPD surgery; second, 3 months after the surgical
procedure; third, after at least 1 year of stable body weight
(which was at least 2 years after surgery for all subjects). The
first and last measurements were separated by an interval of
2.3 ± 0.6 years.

Analytical methods. Serum glucose was measured by the glu-
cose oxidase method using a Beckman Glucose Analyzer II
(Beckman Instruments, Fullerton, Calif., USA). Plasma insulin
was measured by microparticle enzyme immunoassay (Abbott
Imx, Pasadena, Calif., USA). Triglycerides and NEFA were as-
sayed by an enzymatic colorimetric method.

Statistical analysis

All results are expressed as mean ± SD unless otherwise speci-
fied. Bonferroni-corrected Wilcoxon tests were used to evalu-
ate pre- vs early post-surgery and early vs late post-surgery dif-
ferences in obese subjects. Bonferroni-corrected Mann-Whit-
ney U-tests were used to compare normal control subjects vs
early and normal control vs late post-surgery obese subjects.
A p value of less than 0.05 was considered statistically signifi-
cant.

Results

Table 2 reports baseline values (i. e. before the start
of the clamp experiment) of hormonal and metabolic
indicators for the subjects. The fasting insulin concen-
tration was up to three- to four-times higher in the
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Table 2. Basal values of plasma insulin, plasma NEFA, resting energy expenditure (REE), glucose and lipid oxidation rates

n Obese (7) POI POII Control group (7)

Basal plasma insulin (pmol ⋅ l−1) 101 ± 79a 48 ± 33 23 ± 17 26 ± 6
Basal plasma NEFA (mmol ⋅ l−1) 1517 ± 224a 1040 ± 283a 616 ± 78a 916 ± 197
Triglycerides (g ⋅ l−1) 2.07 ± 0.77a 1.36 ± 0.49a 0.80 ± 0.19 1.10 ± 0.30
REE (kJ ⋅ min−1) 7.16 ± 0.74a 6.80 ± 0.63a 4.99 ± 0.32 4.90 ± 0.70b

REE (kJ ⋅ kg−1 ⋅ min−1) 0.095 ± 0.014 0.093 ± 0.012 0.102 ± 0.026 0.089 ± 0.009
Basal glucose oxidation rate (mmol ⋅ min−1) 354.0 ± 186.4 529.0 ± 69.0 598.2 ± 198.4 725.8 ± 177.7
Basal glucose oxidation rate (mmol ⋅ kg−1 ⋅ min−1) 4.67 ± 2.41 7.27 ± 1.38a 11.74 ± 3.06 13.34 ± 3.07b

Basal lipid oxidation rate (mmol ⋅ min−1) 487.1 ± 44.2a 339.9 ± 73.2a 251.6 ± 49.0 213.3 ± 67.9b

Basal lipid oxidation rate (mmol ⋅ kg−1 ⋅ min−1) 6.45 ± 0.98a 4.67 ± 1.19 5.28 ± 2.26 3.87 ± 0.98

The values are normalized by kg of fat-free mass
Data are mean ± SD a Significance (p < 0.05 after Bonferroni correction) of the difference of each cell with respect to its right
neighbour cell; b differences with respect to the relative POI cell



obese, diabetic subjects than in control subjects
(100.77 ± 78.98 vs 26.20 ± 6.26 pmol ⋅ l−1, p < 0.05):
the difference was significant in spite of a large inter-
individual variability found in the obese patients. At
3 months after BPD, insulin levels had returned to
values not statistically different from those of the
control subjects.

Resting energy expenditure in POII subjects was
significantly (p < 0.05) higher than in control subjects,
but lower (p < 0.05) than in obese subjects. However,
when energy expenditure was normalized by fat-free
mass, the differences were not significant, since both
obese and POI patients had a greater fat-free mass
than either C or POII. Obese patients oxidized larger
amounts of lipids basally, compared to both C and
POII. This was also true for POI, although the lipid
oxidation rate was significantly (p < 0.05) decreased
compared to the obese state; again, if the lipid oxida-
tion rate was normalized by fat-free mass, these dif-
ferences between groups disappeared. Conversely, in
the obese patients the amount of glucose oxidized
per kg fat-free mass in the fasting state was signifi-
cantly lower before than after BPD, it was also lower
in POI than in POII; on the other hand, control sub-
jects oxidized significantly higher amounts of glucose
than POII subjects (Table 2).

During the insulin clamp session the steady-state
plasma glucose level was maintained close to the ini-
tial values with coefficients of variation ranging from
3.2 to 4.8%. The exogenous glucose infusion rate
(M), corresponding to the total body glucose disposal
rate minus the possible residual hepatic glucose pro-
duction is reported in Table 3. Hepatic glucose output
(HGO) was not estimated in the present study; how-
ever, suppression of HGO does not require very high
levels of insulin delivery to the liver [20–22] and insu-
lin levels definitely higher than necessary were
achieved in the present study. Therefore, the reported
M value can be considered as a good estimate of
whole-body glucose uptake – it increased significantly
in post-obese subjects compared to their pre-BPD val-
ues, even in the early postoperative period (3 months
after BPD). No pairwise statistical difference was ob-
served between POI, POII and control subjects.

The glucose oxidation rate, evaluated by indirect
calorimetry measurements, and the glucose storage

rate, which represents the difference between the
rate of whole body glucose uptake minus the rate of
glucose oxidation, exhibited the same qualitative be-
haviour as the M value (Table 4).

Basal triglyceride and NEFA levels were signifi-
cantly (p < 0.05) higher in obese, diabetic patients
than in the other groups. Plasma lipids were lower
(p < 0.05) in POII than in preoperative obese patients,
while no statistical differences were found between
POII and normal control subjects.

Finally, in the girl with familial deficit of lipopro-
tein lipase, we measured serum lipids, plasma insulin
and the M value, together with glucose and lipid oxi-
dation rates, both before and 3 months after BPD.
Basal lipid oxidation was 9.19 mmol ⋅ kg−1 ⋅ min−1 be-
fore BPD and 3.40 mmol ⋅ kg−1 ⋅ min−1 3 months after
BPD. Conversely, basal glucose oxidation increased
from 4.72 to 19.6 mmol ⋅ kg−1 ⋅ min−1. The M value
was increased almost threefold from 14.67 to
38.11 mmol ⋅ kg−1 ⋅ min−1. The M/I ratio passed from
0.03 to 0.08 mmol ⋅ kg−1 ⋅ min−1 ⋅ pmol−1. Both glucose
oxidation and storage rate increased after BPD: the
first from 4.5 to 14.2 mmol ⋅ kg−1 ⋅ min−1 and the sec-
ond from 10.16 to 23.91 mmol ⋅ kg−1 ⋅ min−1. The meta-
bolic behaviour of this patient was therefore similar
to that of obese, diabetic patients who have under-
gone BPD. This subject increased from 55 to 56 kg
body weight between preoperative and 3 months
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Table 3. Glucose disposal during euglycaemic/hyperinsulinaemic clamp

n Obese (7) POI POII Control group (7)

Whole body glucose uptake rate (M)
(mmol ⋅ kg−1 ⋅ min−1) 18.1 ± 8.6a 35.5 ± 9.9 49.1 ± 8.6 42.7 ± 9.7

M/I ratio (mmol ⋅ kg−1 ⋅ min−1 ⋅ pmol−1) 0.044 ± 0.031 0.082 ± 0.021a 0.126 ± 0.015 0.100 ± 0.031

Glucose oxidation rate (mmol ⋅ kg−1 ⋅ min−1) 9.0 ± 4.1a 21.9 ± 6.2 25.3 ± 7.6 21.5 ± 4.1

Glucose storage rate (mmol ⋅ kg−1 ⋅ min−1) 9.1 ± 5.8 13.6 ± 5.5 23.8 ± 11.6 21.1 ± 8.9

The values are normalized by kg of fat-free mass
Data are mean ± SD p < 0.05 after Bonferroni correction for the difference between each cell and its right neighbour cell

Table 4. Early (POI–Ob) and late (POII–POI) variations (as ab-
solute values and as percent of total variation) of glucose me-
tabolism indices, of weight, and of serum lipids

Variation

Early Late Total

Whole body glucose
uptake rate (M)
(mmol ⋅ kg−1 ⋅ min−1) + 17.38 (56%) + 13.6 (44 %) + 30.98

Glucose oxidation rate
(mmol ⋅ kg−1 ⋅ min−1) + 12.9 (79 %) + 3.4 (21%) + 16.3

Glucose storage rate
(mmol ⋅ kg−1 ⋅ min−1) + 4.5 (31%) + 10.2 (69 %) + 14.7

Triglycerides (g ⋅ l−1) −0.71 (36%) −1.27 (64%) −1.98

NEFA (mmol/l) −477.5 (53%) −423.6 (47%) −901.1

Weight (kg) −10.97 (17%) −54.57 (83%) 65.54



postoperative periods, upon resumption of a liberal
diet.

Discussion

The obese patient population considered here, and
the methods used to obtain a stable weight loss are
extreme. This investigation included only severely
obese individuals, for whom morbidity and mortality
rates are high and represent a major problem to na-
tional health systems because of the high rates of
medical treatment failure. Also, long-term weight
stability observed in such subjects after BPD is re-
markable when compared to the high tendency to re-
gain weight in medically treated obese patients [23].
The cases studied in the present investigation must
therefore be considered as a model of stable weight
loss deriving mostly from therapeutically induced li-
pid malabsorption.

There are controversial hypotheses concerning the
causes of the so-called insulin resistance syndrome
[24] or syndrome X [25]. No genetic defects of the
cell insulin receptors having yet been identified, a
post-receptor defect is commonly presumed to be re-
sponsible for the insulin resistance in NIDDM. Ac-
quired factors, such as obesity (in particular visceral
obesity), glucotoxicity [26] and lipotoxicity, may also
cause insulin resistance.

Normalization of plasma glucose has already been
demonstrated in obese, diabetic patients after weight
loss [27]: this effect was, however, attributed only to
the weight loss itself. Beck-Nielsen et al. [27] found,
in a group of obese diabetic patients of whom 65%
or more were above the ideal body weight (but with
an average body weight less than 100 kg), that both
insulin sensitivity and insulin binding were normal-
ized after 1 year of treatment with a hypocaloric
diet. More recently, Long et al. [28] showed that a
loss of about 50% of excess body weight, obtained
by gastric bypass surgery in patients with clinically se-
vere obesity (BMI 48 ± 8 kg/m2), prevents the pro-
gression of impaired glucose tolerance to diabetes by
more than 30-fold. These authors again suggested
that the weight loss itself induced the improvement
in insulin sensitivity.

Nevertheless, the inhibitory role of increased lipid
levels on glucose disposal, mediated by increased
substrate-driven lipid oxidation, has been largely
demonstrated in the literature [29, 30–35]. It would
therefore seem reasonable to suspect the lower plas-
ma lipid levels accompanying weight loss to be at
least a contributing cause of recovered insulin sensi-
tivity.

In the present study, by considering metabolic
alterations due to substantial decrease in plasma
lipids, but before most of the postoperative weight
loss, we show that insulin resistance in obese,

diabetic patients represents a reversible condition
linked to the lowering of plasma levels of triglycer-
ides and NEFA.

As summarized in Table 4 the most relevant data
concern the normalization of glucose metabolism
during euglycaemic hyperinsulinaemic clamp in pa-
tients who underwent BPD, noticeable in the early
postoperative period. About 56% of the total in-
crease in whole body glucose uptake was already evi-
dent by POI. Most of the improvement in glucose ox-
idation rate (79% of total) was also observed within
3 months of operation. These changes paralleled
those for fasting plasma NEFA levels which fell sub-
stantially (53% of total decrease) in the early postop-
erative period.

However, the glucose storage rate increased more
in the later postoperative period (3 months to 2 years,
69% of total), when the main lowering of triglycer-
ides was also observed (64% of total). Weight loss
was much more substantial in the late (83% of total
loss) rather than in the early (17% of total loss) post-
operative period.

The impressive normalization of glucose utiliza-
tion occurring after BPD seems therefore to be more
clearly associated with the changes in plasma NEFA
levels rather than to the loss of weight.

The reversibility of insulin resistance was thus re-
flected in both glucose oxidation rate and the non-ox-
idative pathway of glucose disposal [14], although the
normalization of glucose storage occurred more slow-
ly than that of glucose oxidation. Observing the be-
haviour of NEFA and triglyceride levels in operated
patients it seems that the decrease in NEFA is associ-
ated with the improvement of glucose oxidation,
while lowering of triglycerides is associated with the
increase of glucose storage. This indirectly suggests a
reversibility of enzyme glycogen synthase inhibition
found in obese subjects [36, 37], and increased pyru-
vate dehydrogenase complex activity, which is known
to be reduced in obese individuals [38, 39]. It has been
hypothesized that in diabetes there is a shift in sub-
strate utilization from carbohydrates to lipids [40]: a
large proportion of the increase in lipid oxidation,
characteristic of obesity and obese NIDDM, is ac-
counted for by an increase in intramuscular triglycer-
ide mobilization. An impaired pyruvate dehydroge-
nase activity [41] and an increase in beta-oxidation
enzyme activity [29] have been described in such pa-
tients.

The disappearance of diabetes within 3 months of
BPD in a normal weight young female, who under-
went BPD for chylomicronaemia secondary to a fa-
milial deficiency of lipoprotein lipase, and who did
not lose weight after the operation (she did, in fact,
increase her weight after the operation, due to an un-
restricted diet rich in sugary and fatty foodstuffs),
confirms that the lipid malabsorption and the lower
plasma levels of lipids, rather than the weight loss,
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cause the reversibility of the insulin resistance condi-
tion.

Therefore, although the relatively small number of
subjects studied did not allow a proper multivariate
analysis of the influence of the different variables on
the improvement of glucose metabolism, the results
in Table 4 suggest that this is primarily dependent on
the decrease of plasma lipid level, since it was ob-
served in a subject not decreasing in weight.

In conclusion, in obese, diabetic patients BPD def-
initely improves glucose utilization, which can be
demonstrated by the euglycaemic hyperinsulinaemic
clamp technique, and which persists over time reflect-
ing enhanced insulin sensitivity. The evidence indi-
cates that lipid malabsorption has a primary role,
with subsequent lowering of plasma NEFA and tri-
glycerides, rather than the simple loss of weight, in
the improvement in metabolism.
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