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Relative hypoleptinemia in patients with type 1
and type 2 diabetes mellitus
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OBJECTIVE: To determine the relation between plasma leptin eoneentrations and metabolie eontrol in human
diabetes mellitus.
DESIGN AND SUBJECTS: Cross seetional study eonsisting of 156 patients with diabetes mellitus type 1 (n == 42), type 2
(n== 114), and non-diabetie subjeets (n== 74).
RESULTS: Plasma leptin eoneentrations were lower (P< 0.05) in type 1 (8.3 ± 1.7 ng/ml) and type 2 diabetie
(14.9 ± 1.8 ng/ml) than in non-diabetie humans (18.3 ± 1.9 ng/ml). Only female type 1 and type 2 diabetie subjeets
also had deereased ·Ieptin/BMI ratios (P< 0.05 vs non-diabetie females). The log rank test identified age-adjusted
eorrelation of plasma leptin eoneentration with sex (P< 0.0004) and body mass index (P< 0.0218), but not with
glyeosylated haemoglobin A'e (P> 0.5) in all groups. Plasma leptin was eorrelated with age (P< 0.0058) and serum
triglyeerides (P< 0.0199) in type 1 diabetie patients, and with serum eholesterol (P< 0.0059) and LDL (P< 0.0013) in
type 2 diabetie patients.
CONCLUSIONS: Defeetive leptin produetion and/or seeretion might be present independently of metabolie eontrol in
female patients with type 1 or type 2 diabetes mellitus.
International Journal of Obesity (2000) 24, 976-981
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Introduction

Lack of leptin in ob/ob mice results in obesity
followed by hyperinsulinaemia and hyperglycaemia
which can be reversed by leptin treatment. 1 On the
other hand, db / db mice display elevated leptin con
centrations due to defective leptin receptor function
and do not respond to leptin treatment.2 Human
obesity is not likely related to either relative hypo
leptinaemia or leptin resistance,3 although recently
mutations of the ob gene have been detected in
extreme obesity.4,5 Nevertheless, plasma leptin con
centrations are closely correlated with body mass
index (BMI) and several indicators ofbody fat content
in humans.6 ,7

Since obesity is frequently associated with insulin
resistance eventually resulting in type 2 diabetes
mellitus,8 it is of interest whether or not plasma
leptin concentration is also related to the diabetic
metabolie state. Evidence has been provided that
leptin is involved in the regulation of peripheral
glucose metabolism at the level of the pancreatic ß
ceIl,9,lO liver,11 and fat cells. 12 Of note, insulin has
been shown to stimulate ob gene expression and leptin
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secretion in cultured human adipocytes. 13 Hyperinsu
linaemia characteristic for insulin resistant states
could be therefore associated with hyperleptinaemia.
Such a relationship has been demonstrated in lean
insulin resistant men 14 and hyperinsulinaemic
hypothyroidism,15 but not in subjects with impaired
glucose tolerance,16 overt type 2 diabetes mellitus 17 or
polycystic ovary syndrome. 18,19 Moreover, conflicting
results have been reported as to the effect of hyper
insulinaemia on leptin expression and circulating
plasma leptin levels in humans. 20 - 22 Thus, the inter
relation between leptin and insulin/insulin resistance
is still unclear and no data are available at present on
plasma leptin concentrations in type 1 diabetic
patients.

The aim of this cross sectional study was therefore
to compare plasma leptin concentrations of patients
with type 1 as weIl as type 2 diabetes mellitus under
daily conditions with that of non-diabetic subjects in
order to delineate a potential role of leptin deficiency
or resistance to leptin action for human diabetes
mellitus.

Methods

Subjects
We examined 235 subjects who consecutively visited
the outpatient clinics for diabetes mellitus and endo
crine and metabolie diseases. Complete data sets were



obtained in 230 patients who were further divided into
three groups based on the patients' history and clinical
examination: (i) patients with insulin dependent dia
betes mellitus (type 1 diabetes; n == 42); (ii) patients
with non-insulin dependent diabetes mellitus (type 2
diabetes; n == 114); and (iii) non-diabetic subjects
(control; n == 74). Obesity was defined by a body
mass index (BMI) of ~ 27.3 kgjn12 for nlale and a
BMI ~ 27.8 kgjm2 for female subjects.6 Type 1 dia
betic patients (age of manifestati01l: 21 ± 2 y) were on
an intensified insulitl regime1l with multiple daily
insulin injections allowing near normoglycaemic con
trol. Type 2 diabetic patients were on therapy with
oral hypoglycaemic agents (sulphonylurea andjor
metformin) or conventional insulin treatment with
two daily injections. Control subjects were taking no
medicati01l on a regular basis and displayed no evi
dence of impaired glucose tolerance or any other
endocrine dysfunction tllat may contribute to leptin
dysregulation. 15 Subjects were weight stable for at
least 2 m01lths witll0ut recent cllanges in diet and
lifestyle. Blood was drawn after ovenlight fasting for
~ 12 h in type 2 diabetic and nondiabetic subjects.
Type 1 diabetic subjects were examined at least 2 h
after itlsulin injection and meal ingestion which
should not affect plasma leptin concentration. 15,23

This was confirmed in five type 1 diabetic subjects
body mass index (BMI), 24.3 ± 0.2 kgjm2) presenting
with no difference in plasnla leptin c01lcentrations
betwee1l the 12h fasted state (10.4±3.3ngjml) and
2 h after insulin administration and meal ingestion
(9.4± 3.6ngjml). The study was performed according
to the Declaration of Helsinki.

Assays
Plasma leptin concentrations were measured by a
double-antibody radioimmunoassay for human leptin
(Linco, St Charles, MO, USA) with intra-assay and
interassay coefficients of variance of 4.1 % and 5.5%,
respectively.15 Glycosylated haemoglobin Ale
(HbA1e, normal ~ 5.8%) was determined following
HPLC-separation (C-R4A Chromatopac, Shimadzu,

Table 1 Patients' characteristics
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Kyoto, Japan) by using cation exchange columns
and elution with increasing sodium gradients with
intraassay and interassay coefficients of 3%. Measure
ments of serum cholesterol (normal ~ 200mgjdl),
HDL (~45mgjdl), LDL (~ 150 mgjdl) and trigly
cerides (~ 172 nlgjdl) were performed by automated
enzymatic assays (CHOD-Pap and GPO-Pap, Hitachi,
Japan) in the routine laboratory.

Calculations and statistics
All data are give1l as means ± s.e. The Wilcoxon rank
sunl test was used to analyse differences of plasma
leptin c01lcentrations and other metabolic paranleters
accorditlg to sex, BMI (grouped into obese and non
obese subjects) and diagnosis. Analysis of variance
was used for comparison of data. Multiple regression
a1lalyses between leptin andBMI or metabolic para
meters were also performed after adjustment for age.
In addition, the rate of increase in plasma leptin with
BMI was assessed from leptinjBMI ratios24 and the
results presented as a Box- Whiskers plot and differ
e1lces between groups compared with Tukey's studen
tized range test. For all statistical analyses the SAS
software package version 6.12 (SAS Institute, Cary,
NC) was used. P-values less than 0.05 were consid
ered statistically significant.

Results

Age and BMI of all groups and subgroups are pre
sented in Table 1. Patients with type 2 diabetes
mellitus were older (P< 0.0001) compared with
type 1 diabetic patients and non-diabetic subjects
serving as control group. Type 1 diabetic patients
presented with lower (P< 0.0001) mean BMI com
pared to type 2 diabetic patients as weIl as to control
subjects.

According to their HbAle all diabetic subgroups
presented witll good metabolic control (Table 2). Type
1 diabetic patients who were on an itltensified insulin

Body mass index
Age

n Means± s.e. (y) Means± s.e. (kg/m2
) Range (kg/ m2

)

Type 1 diabetes
Total 42 37.2±2.2 24.8±0.5** (19.2-38.2)
Female 23 38.3±3.1 24.6±0.8 (19.2-38.2)
Male 19 35.8±3.2 25.1 ±0.6 (20.6 - 30.6)
Type 2 diabetes
Total 114 60.9± 1.3* 29.0± 0.5 (17.2-46.5)
Female 64 62.9±2.1 28.9±0.6 (17.2-46.5)
Male 50 59.1 ± 1.6 29.2±0.7 (20.6 - 42.6)
Control
Total 74 43.3± 1.7 28.4±0.8 (17.6-53.5)
Female 54 44.4± 2.7 36.1 ± 1.4 (17.6-53.5)
Male 20 41.4±1.9 23.6±0.3 (21.0 - 43.8)

*p< 0.0001 vs type 1 diabetes and vs contro!.
**p< 0.0001 vs type 2 diabetes and vs contro!.
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Table 2 Parameters of glucose and lipid metabolism of the subjects described in Table 1.
Glycosylated haemoglobin A1c (HbA1c) serum concentrations of cholesterol (S-Chol), high density
lipoproteins (S-HDL), low density lipoproteins (S-LDL), and triglycerides (S-TG) are given as
means±s.e.

HbA 1e (%) S-Chol (mg/ dl) S-HDL (mg/ dl) S-LDL (mg/ dl) S-TG (mg/ dl)

Type 1 diabetes
Total 7.5± 0.2 199.8±7.1** 62.3±2.7t 106.6± 5.6t 144.8± 13.9§
Female 7.4± 0.2 206.1 ±9.8 63.9± 3.4 112.2 ± 6.2 132.5± 19.9
Male 7.6±0.3 192.3± 10.5 60.3± 4.3 100.0±9.5 159.6± 19.1
Type 2 diabetes
Total 8.0±0.2 228.7±3.9 49.2± 1.4 137.7±3.6 228.1 ± 13.2
Female 8.0±0.2 233.7± 5.0 54.8± 2.2 140.2±5.8 201.1 ± 14.7
Male 8.1 ±0.2 223.7±5.5 43.6± 1.8 135.1 ± 5.3 255.1 ±36.9
Control
Total 5.3±0.05* 211.7±5.7 51.9±1.9 128.4± 4.5 160.8±21.0
Female 5.3±0.06 215.3± 5.9 54.7 ± 2.5 132.9±4.9 152.6±24.4
Male 5.3± 0.08 211.3±9.9 44.9±2.6 129.3± 9.2 206.0± 44.3

*P<0.0001 vstype 1 and type 2 diabetes.
**P < 0.05 vs type 2 diabetes and contro!.
t P < 0.05 vs type 2 diabetes and contro!.
t P < 0.05 vs type 2 diabetes and contro!.
§p< 0.0001 vs type 2 diabetes and contro!.

regimen had gradually, but not significantly (P == 0.09)
lower HbA1c levels than type 2 diabetic patients
(Table 2). They also displayed lower, total serum
cholesterol levels along with higher HDL and lower
LDL compared with the other groups (Table 2).
Serum triglycerides were lower (P< 0.0001) in type
1 diabetic patients compared with type 2 diabetic as
weIl as control subjects.

Despite no difference in mean BMI (all females,
27.3 ± 0.5 kgjm2 ; all males, 27.5 ± 0.3 kgjm2), mean
plasma leptin concentrations of women were almost
doubled compared with that of men (all females,
18.4± 0.9ngjml; all n1ales, 9.2± 0.5 ngjml). That dif
ference in plasma leptin concentrations holds true
within the groups of type 1, type 2 and non-diabetic
subjects (Table 3). Regardless of sex, there were also
differences between the diabetic and non-diabetic
subjects: type 1 diabetic patients exhibit lower mean
plasma leptin concentrations compared with type 2
diabetic patients and healthy controls. Obese type 2
diabetic and non-diabetic subjects had higher mean
plasma leptin concentrations than the respective lean
subgroups (Table 3).

Linear regression analysis of age-corrected leptin
concentrations vs BMI revealed lower slopes of the
fitted line for type 1 (slope == 0.7) and type 2 diabetic
patients (slope == 1.2) compared with non-diabetic

controls (slope == 2.1) (Figure 1A). Age-corrected
regression analyses within all female subgroups
(Figure 1B) showed a steeper increase in plasma
leptin with rising BMI as compared with male sub
groups (Figure 1C). The correlation in female type 1
diabetic patients failed to reach statistical significance
(P == 0.0748), which is most likely due to the impact
of age in this subgroup (P == 0.0395).

In order to adjust for BMI, leptinjBMI ratios are
presented for all subgroups in Figure 2. LeptinjBMI
ratios in female subgroups were higher thal1 in corre
sponding male subgroups (P < 0.0001). NOl1-diabetic
fen1ales had higher leptinjratios than type land type 2
diabetic patients, while leptinjratios between nOl1
diabetic and diabetic males were not different.

The log rank test revealed a strong association of
plasma leptin with sex (P< 0.0005) and BMI (dia
betes mellitus type 1, P == 0.0218; other groups,
P< 0.0005) in all three diagnosis groups, whereas
correlation between plasma leptin and age
(P == 0.0058) as weIl as serum triglycerides
(P == 0.0199) could be only detected in patients with
diabetes mellitus 1. In patients with type 2 diabetes
mellitus plasma leptin was correlated with total serun1
cholesterol (P == 0.0059) as weIl as LDL (P == 0.0013),
while its association with serum triglycerides
(P == 0.1976) did not reach statistical significance.

Table 3 Plasma leptin concentrations (means± s.e.; in ng/ml) in subgroups of the subjects described
in Table 1

Type 1 diabetes
Type 2 diabetes
Control

Total

8.3± 1.7*
14.9± 1.8
18.3± 1.9

Female

12.4± 1.8
18.8± 1.3
24.7±3.3t

Male

4.2±0.5**
11.7 ± 1.3t

11.8± 1.9t

Lean

8.0± 1.3
10.1 ± 1.0
11.6± 1.2

Obese

13.6±3.4
19.0± 1.3§
35.2± 4.6§

*P< 0.05 type 1 vs type 2 diabetes vs contro!.
**p< 0.0003 vs respective female subgroup.
tp< 0.0001 vs respective female subgroup.
t p < 0.05 type 1 vs type 2 diabetes vs contro!.
§P<0.0001 vs respcetive lean subgroup.
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Figure 2 Ratios of plasma leptin (ngjml) to body massa ind~x

(BMI, kgjm 2 ) in type 1 diabetic (23fj19 m), type 2 dlabetlc
(64fj50 m), and non-diabetic subjects (54fj20 m) grouped
according to sex. Data were compared using Tukey's studentized
range test and are presented as Box-Whiskers plots.
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Discussion

However, there was no association (P > 0.5) between
plasma leptin and HbA1c in any of the tested
subgroups.

In addition to the known correlation of plasma leptin
with BMI and sex, the present study found that both
type 1 and type 2 diabetie patients in good metabolie
control display lower basal plasma leptin concentra
tions than non-diabetic humans. Plasma leptin
concentrations were also correlated with serum

triglycerides in type 1 diabetes nlellitus and with
serum cholesterol and LDL levels, in type 2 diabetes
mellitus.

The strong relation between body mass index al1d
plasma leptin previously repolied for non-diabetic6

and insulin resistant16 or type 2-diabetic subjects7,25
holds true in part for patients with type 1 diabetes
mellitus. After adjustment for age, this correlation
became weaker and did not obtain statistical signifi
cance (P == 0.0748) in female type 1 diabetic patiel1ts,
while it remained strong in male type 1 diabetic
patients (P == 0.0017). Female type 1 diabetic patients
presented with rov 3-fold higher plasma leptin concen
trations than the respective male groups confirming
the findings in female non-diabetic and type 2 diabetic
patients.7,17 Despite a similarly high correlation
between plasma leptin and sex, plasma leptin concen
trations were only rov 1.6-fold increased in the female
type 2 diabetic patients and rov 2-fold increased in the
control group. Despite the good correlation of leptin
with either BMI or other indices ofbody fat mass,6,7,15
it cannot be excluded that the observed sex difference
might be a restLlt of increased subcutaneous fat mass
in females. Recently, evidence was provided that
plasma leptin correlates with subcutaneous femoral
fat, but not with intraabdominal fat mass.26 Using
plasma leptinjBMI ratios the increases in circulating
leptin concentrations relative to BMI were still
rov 380/0 and rov 26% lower in female type 1 and type
2 diabetic patients than in non-diabetic females,
respectively.

We also found that plasma leptin correlates with
age itl type 1, but 110t type 2 diabetic or non-diabetic
subjects. This was primarily the result of a weak albeit
significant (P == 0.0395) association between age and
leptin in tlle female type 1 diabetic subgroup. Nega
tive correlation of age with plasma leptin has been
reported in healthy subjects.22,27 The lack of such
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Figure 1 Age-adjusted correlation between plasma leptin con
centration and body mass index (A) in patients (females and
males combined) with type 1 (n = 42, 0), type 2 diabetes mellitus
(n = 114,0), and non-diabetic subjects (n = 72, 1::.); (8) female
patients with type 1 (n = 23, 0) and type 2 diabetes mellitus
(n=64,O), and non-diabetic subjects (n= 54, 1::.), and (C) in
male patients with type 1 (n= 19,0), and type 2 diabetes mellitus
(n= 50, 0), and non-diabetic subjects (n= 20, 1::.).
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association itl our type 2 diabetic patients could be
explained by the small number of young patients itl
this group, althougll the cOl1trol group conlprising of a
broad range of age also did not exhibit a sigl1ificant
relation between age and plasma leptitl. Nevertheless,
it has been sl10wn recently that the relationship
between circulating leptin and relative fat mass can
be disrupted in elderly subjects,28 which suppol1s our
findings in diabetic patiel1ts.

The main fil1ding of the present study was that
female type 1 al1d type 2 diabetic patients displayed
lower basal plasma leptin concentrations than nOl1
diabetic subjects. In particular, this was accounted for
by a rv 61% and a rv 46% decrease of plasma leptin
cOl1centrations in the obese type 1 and type 2 diabetic
subgroups, respectively. In tlle leal1 subgroups, only
type 1 diabetic patients presented witll rv 31% lower
plasma leptin concentrations than the respective C011
trol group. These results could be seen in contrast to
the elevation of basal plasma leptin concentrations
reported for lean insulin-resistant men. 14 Neverthe
less, it is conceivable that plasma leptin concentra
tions could parallel the initial increase and late
decrease in plasma insulin concentrations character
istic for the pathogenesis of diabetes mellitus type 2.29

Of note, plasma leptin concentrations are significantly
correlated with fasting insulin levels in healthy sub
jects30 and increased in insulin-treated type 2 diabetic
patients25 as weIl as hyperinsulinaemic hypothyroid
ism. 15 Nevertheless, other authors found no interac
tion between insulin secretion and plasma leptin.7,16,30

A moderate decrease of plasma leptin concentration
has been demonstrated in poorly controlled type 2
diabetic subjects23 suggesting a potential role of
glycaemia for leptin secretion. Similarly, plasma
leptin was significantly reduced in the diabetic sub
group of a study in morbidly obese subjects who were
also in poor metabolic contro1.3l The present study
found clearly lower plasma leptin concentrations in
both type 2 and type 1 diabetic patients who were in
relatively good metabolic control (rv 7.4% and
rv 8.5%) which argues against a correlation between
diabetic metabolic control and plasma leptin.

The effect of insulin on plasma leptin levels has
been discussed controversially. In vitro, insulin
increases leptin secretion by adipocytes13 and leptin
per se may modulate insulin secretion.9 In vivo, an
oral glucose tolerance test15 or euglycaemic-hyperin
sulinaemia20 do not affect circulating plasma leptin
cOl1centrations, whereas long-term hyperinsulinemia32

or 7211 hyperglycenlia may increase plasma leptin.33

TllUS, the long-term loss of the pllysiological pulsati
lity of insulin secretion34 could be respol1sible for the
decreased plasma leptin levels in diabetes nlellitus
observed in the present study. Even more there is
evidence that 11yperinsulinemia with cOl1comitant
hypoglycaemia, that usually OCCllrs in weIl controlled
diabetic patients, leads to a reduction of plasma leptitl
levels.35 While no defects of the ob gene could be
detected in human type 2 diabetes mellitus36 or insulin
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resistant women with polycystic ovary syndrome,18

central or humoral changes may negatively affect
leptin action and secretion.37 In amenorrheic women
athletes hypoleptitlaemia and absence of the normal
diurnal leptin cycle have been observed, indicating a
link between leptin secretion and chronic nutritional
status. 19 Alternatively, the decrease in total plasma
leptin concentrations could be also accounted for by a
reduction of synthesis or secretion of leptin binding
proteins in plasma secretion.37 Finally, since the
calculated apparent Km of rv 10 11gjnl1 for renal
leptin uptake is close to physiological plasnla leptin
levels, small alterations of plasma leptin COl1centra
tions may result itl major changes of leptin elimina
tiOl1.38 Thus, increased renal leptin elimination by
glomerular filtration al1djor tubular metabolism
nlight contribute to the observed decrease of plasma
leptin concentrations itl our diabetic patients Wll0 did
110t suffer from rel1al insufficiel1cy.

The correlation of triglycerides, total serum choles
terol, and LDL with plasma leptin indicate an interac
tion of leptin with lipid nletabolisnl, although other
studies could not find such association.7,23,26 Only
Rainwater et a[39 reported a correlation of specific
HDL phenotype (HDL-TG) and large HDL-apo A-I
with leptin, suggesting a possible aggregation of
atherogel1ic pllenotypes such as diabetes, obesity and
dyslipoproteinemia. By employing a hyperleptinaenlic
rat model, leptin has been recently shown to decrease
triglyceride concentrations in liver, skeletal muscle
and pancreatic ß-cells by elevation of mitochondrial
oxidation of free fatty acids. lO Low leptin concel1tra
tions could be therefore lead to triglyceride accumula
tion in pancreatic islets Wllich contributes to ß-cell
dysfunctio1140 as weIl as to elevatioll of plasma con
centrations of free fatty acids which in tunl induce
insulin resistance in skeletal muscle.4l Although short
term changes in plasma FFA induced by lipid infusion
and Acipimox did not affect plasma leptin concentra
tions,42 it cannot be ruled out that long-term alterations
of lipolysis could modulate leptin secretion.

In conclusion, the present results suggest that a
defect in leptin production andjor secretion might be
present independently of metabolic cOl1trol in female
patients with diabetes mellitus type 1 and type 2 and
may be linked to diabetes-related lipid disorders.
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