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ORIGINAL CONTRIBUTION

Lower serum leptin levels in female
students of the nutritional sciences

with eating disorders

Summary Background Evidence
has accumulated that in both
acutely ill and recovered patients
with either anorexia or bulimia
nervosa circulating leptin levels
(LL) are lower than in controls
matched for body mass index
(BMI; kg/m?). It is unknown if
these lower leptin levels represent a
state or trait marker. Aim of the
study We aimed to confirm the low-
ered leptin levels in eating disor-
dered females and to identify un-
derlying mechanisms. Methods We
screened 181 female students of the
nutritional sciences for eating dis-
orders with the respective module
of the M-Composite International
Diagnostic Interview and the Cog-
nitive Restraint scale of the Three
Factor Eating Questionnaire. The
physical assessment included de-
terminations of BMI, body compo-
sition and LL. Each case fulfilling
lifetime DSM-IV criteria for an eat-
ing disorder was BMI matched to
two controls. We used a multivari-

ate mixed regression model to eval-
uate if the observed difference in
1g10-leptin level between cases and
controls is actually due to the influ-
ence of restrained eating and/or
previous weight loss after adjust-
ment for BMI and percent body fat.
Results In accordance with our hy-
pothesis the 32 (17.7 %) cases had a
lower serum lg;o-leptin level than
the 64 BMI matched controls (one-
sided p <0.001). We were not able
to detect an influence of restrained
eating or previous weight loss. Con-
clusions We confirm that females
with a lifetime history of an eating
disorder have lower LL. We were
not able to identify an underlying
mechanism. Similar to most previ-
ous studies we found a high rate of
eating disorders among female stu-
dents of nutritional sciences.

Key words anorexia nervosa -
bulimia nervosa - leptin levels -
dietetics - restrained eating -
weight loss

Introduction

Leptin is a hormone that is secreted into the blood-
stream mainly by adipocytes [1]. Serum levels of this
hormone are highly correlated with body mass index
(BMI; kg/m?) and percent body fat (%BF; 2). Short-term
fasting, short-term and prolonged weight loss and hy-
percaloric dieting lead to disproportionate drops and
increments, respectively, of circulating leptin levels (LL)

[3-5],indicating a dynamic regulation superimposed on
the dependency on fat mass. Leptin receptors can be de-
tected in the hypothalamus and in several other brain
regions [6,7]. The neural circuits that are downstream of
leptin receptors influence leptin’s endocrine, autonomic
and behavioral effects [8,9].

One of leptin’s major functions is to adapt the organ-
ism to semistarvation via downregulation of the hypo-
thalamic-pituary-gonadal and hypothalamic-pituary-
thyroid axes and upregulation of the hypothalamic-
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pituary-adrenal axis [10, 11]. Accordingly, in patients
with anorexia nervosa (AN) LL are well below age-
matched controls [12-17] and presumably contribute to
the reduced gonadotropin secretion characteristic of
this eating disorder [18-22]. Nevertheless, similar to
findings in healthy individuals, LL are correlated with
both BMI and %BF in the acute stage of AN [13, 14,
23-25].

A correlation between BMI and LL has also repeat-
edly been demonstrated in patients with bulimia ner-
vosa (BN) and in mixed study groups encompassing fe-
males with AN and BN, respectively [15, 16, 18, 26-29].
Recent evidence indicates that LL in patients with acute
BN and in patients stably recovered from BN have lower
LL than expected for BMI [26-29] and %BF [28]. Other
reports have indicated that in both acutely ill and long
term recovered patients with AN LL are also lower than
in BMI matched controls [13, 30].

In the current study we test the hypothesis that fe-
males with a lifetime history of an eating disorder have
lower LL than controls using a case-control design. To as-
certain cases and controls matched for BMI we screened
a study group of 181 students of nutritional sciences for
the lifetime occurrence of any DSM-IV eating disorder.
The choice of students of nutritional sciences was moti-
vated by previous studies amongst students of dietetics
or nutritional sciences [31-35], which had revealed ele-
vated rates of disordered eating behavior.If the initial hy-
pothesis is substantiated, we use a multivariate mixed re-
gression model to evaluate if the observed difference in
LL between cases and controls is actually due to the in-
fluence of specific variables, for which we have a priori
hypotheses as to their influence on LL.

Subjects, materials and methods

181 female students of the nutritional sciences of the
University of GiefSen were ascertained in 1998 via use of
advertisements within the Institute of Nutritional Sci-
ences. The Ethics Committees of both the Medical Fac-
ulties of the Universities of Marburg and Gief3en had ap-
proved the study. All probands gave written informed
consent.

The students were interviewed using the standard-
ized eating disorders module of the M-Composite Inter-
national Diagnostic Interview (M-CIDI; 36), which ad-
dresses the criteria for each eating disorder one by one.
The M-CIDI is a reliable screening tool used to identify
psychiatric disorders (36a, 36b). Additionally, we used
structured questions to assess past and current intake of
hormonal contraceptives and history of menstrual dis-
orders. A lifetime diagnosis of AN, BN, Eating Disorders
Not Otherwise Specified (EDNOS) or a Binge eating dis-
order (BED), repectively applied if the respective DSM-
IV criteria were met.

Weights and heights were measured using calibrated
instruments. 1.5 kg was subtracted from measured
weights to account for light clothing. Individual BMI
centiles based on the German National Nutrition Survey
were determined as described previously [37].

Bioelectrical impedance measurements (BIA, 2000-S;
Data Input GmbH, Frankfurt) and blood sampling were
performed after an overnight fast. %BF was calculated
from measured resistance using Deurenberg’s gender
specific equations for individuals aged>16 years. Fat
free mass (FFM) predicted by Deurenberg’s equations
differs only slightly from FFM measured densitometri-
cally in individuals whose BMIs are <35 kg/m? [40].
Serum leptin levels were measured with a sensitive RIA
[13, 41]. Inter- and intra-assay coefficients of variation
are 8.5 and 0.8 %, respectively.

Every student who received a diagnosis of any eating
disorder (case), was BMI-matched to two students with-
out an eating disorder (controls). This matching proce-
dure led to BMI differences between cases and controls
of between 0.0 and 0.38 kg/m?* with 3 exceptions: For a
case with a BMI of 21.0 kg/m? the closest match for the
second control had a BMI of 19.6 kg/m?®. A case with a
BMI of 32.2 kg/m? was matched to two controls with
BMI of 29.9 and 29.6 kg/m?, respectively. These imper-
fect matchings were conservative in the sense that the
higher BMI in these cases cannot contribute to their hy-
pothesized lower LL.

All students were asked to recall their maximal
weight during adulthood (age > 18 years) to allow calcu-
lation of the maximal BMI based on currently measured
height. The difference between this maximal and cur-
rent BMI was taken as a crude measure of net weight loss
during adulthood. Because three students self-reported
their maximal weights below current measured weights,
we set the resulting BMI difference of -1.29, -0.03 and
0.01 kg/m?, respectively, to 0. The probands were also
asked for recalled body weights one, three, and 12
months prior to the current assessment. All students
filled in the Three Factor Eating Questionnaire (TFEQ;
38, 39).

Means, standard deviations of the mean and ranges
of all variables and the score of the Cognitive Restraint
scale of the TFEQ for the whole study group are illus-
trated in Table 1.

Statistics

We use a hierarchical test procedure: We initially test the
hypothesis that the n students who fulfill lifetime crite-
ria for any eating disorder (cases) have lower leptin lev-
els than the 2n BMI matched controls. For this purpose
lgio-LL of individual cases are compared to the mean
lg10-LL of the respective two controls using the t-test for
paired samples. In the case of a significant difference in
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Table1 Description of the total study group screened (n = 181)

Variable Total study group (n = 181)
mean (sd/range)
Age (years) 23.6(2.93/19-36)
Weight (kg) 61.8(9.75/42.4-117.4)
BMI (kg/m?) 21.1(2.94/14.7-39.7)
BMI-Percentile 46.2 (27.99/0-100)
Fat mass (kg) 20.1(5.87/9-57.8)
Percent body fat 32.8(4.18/20.8-49.9)
Maximal BMI 22.4(3.30/15.5-41)
Cognitive Restraint scale score 7.6 (4.82/0-21)
Leptin (ug/1) 12.2 (8.76/0.5-59.4)

lgio-LL we examine the influence of four quantitative
variables performing a mixed model analysis of vari-
ance including the matching group status (n trios each
consisting of 1 case and 2 controls) as a random effect.

The independent variables include BMI, % body fat
(%BF), the difference between maximal and current
BMI and the score of the Cognitive Restraint scale of the
TFEQ: BMI and %BF are of obvious interest in the light
of their known correlation with LL [2]. Because weight
loss has been shown to result in a disproportionate de-
crease in LL [3], we include the difference between max-
imal lifetime BMI in adulthood and current BMI as an
indicator for net weight loss during adulthood. Finally,
due to the previous detection of lower LL adjusted for
%BF in underweight females with a restrained eating
behavior [42], we additionally evaluate the influence of
the score of the Cognitive Restraint scale of the Three
Factor Eating Questionnaire [38].

We had additionally hypothesized that recent weight
gain or loss has an influence on LL. In order to assess re-
cent weight change we calculated the differences be-
tween current and recent BMI (1, 3 and 12 months ago).
Unfortunately, the inclusion of these parameters led to
substantial decreases in sample size up to 40 % (14 out of
32 trios) due to missing values; the probands were un-
able to recall their respective past weight(s). Because
these missings are possibly non-random, we do not re-
port the respective results. Instead, we refer to these
analyses in a cursory fashion in the Discussion. Because
of the similarly small age range amongst cases and con-
trols (for both groups combined the 5% and 95" age cen-
tiles were 20.3 and 28.1 years; mean ages were 22.99 vs
23.50 years, respectively, p=0.31) we refrained from in-
cluding age in the model.

For descriptive purposes we refer to the absolute val-
ues of LL and use the normally distributed 1g;,-LL for
the statistical analyses.

Results

32 (17.7%) of the 181 students met lifetime criteria for
any eating disorder. AN proved to be the most common
eating disorder (n=13; 7.2%); six and seven students
had the restricting and binge eating/purging type, re-
spectively. Among the six (3.3 %) students with BN four
had the purging type, two the non-purging type. EDNOS
were diagnosed in 13 (7.2 %) females and included three
students with atypical AN, eight students with atypical
BN and two females with BED.

The comparison of 1g;-LL between the 32 cases and
the 64 BMI matched controls substantiated our hypoth-
esis (Table 2): The respective 95% confidence intervals
of LL do not overlap (cases: 6.19-11.23 ug/L, controls:
11.49-14.35ug/L); 1gio-LL differed significantly (one
sided p<0.001).

On a descriptive basis, the subdifferentiation accord-
ing to the kind of eating disorder diagnosed with the M-
CIDI showed that irrespective of the diagnosis lg;o-LL
were consistently lower in cases than controls (see Table
2). 1g1o-LL differed most between cases with AN and
their corresponding controls (one sided p=0.001). 6
subjects with a lifetime diagnosis of BN showed a trend
towards lower Ig;o-LL compared to their 12 controls (one
sided p<0.1).

On a descriptive basis, no difference in fat mass (or
%BF) was apparent (Table 2). Compared to their 64 con-
trols the 32 cases had higher mean maximal BMIs (one-
sided p <0.05), higher scores of the Cognitive Restraint
scale of the TFEQ (one sided p <0.001) and in addition,
their net weight loss during adulthood was also higher
(one-sided p=0.026) (Tabel 2).

The Analysis of variance (Table 3) revealed that per-
cent body fat explains variation of 1g;o-LL while BMI had
no further effect. Neither the Restraint score nor net
weight loss during adulthood had an effect on Ig;o-LL.
However, about 30 % of Ig;o-LLs variance is explained by
the case-control status i.e. due to unobserved physio-
logical mechanisms. The whole model explained 66 % of
the variance of 1g;o-LL (p <0.001).

Discussion

We substantiated our initial hypothesis: Students with a
lifetime eating disorder had significantly lower LL than
BMI matched controls. This result is well in line with
previous findings of lowered LL in acutely ill and recov-
ered patients with AN and BN [13,26-30]. In our study,
however, cases were not identified via a patient status;
instead, the 32 cases formed a subgroup among 181 fe-
male students of nutritional sciences who were screened
for eating disorders using the respective module of the
M-CIDI (36a).

A total of 32 (17.7%) of the participating students
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Table2 Descriptive comparison of somatic data and the scores of the Cognitive Restraint Scale (Stunkard and Messnick, 1985) between BMI-matched students with

(n = 32; cases) and without (n = 64; controls) a lifetime eating disorder

All Eating Anorexia nervosa Bulimia nervosa Atypical AN Atypical BN Binge-Eating
Disorders Combined Disorder
Cases Controls Cases  Controls Cases  Controls Cases  Controls Cases  Controls Cases  Controls
n=32 n =64 n=13 n=26 n=6 n=12 Cth=3 n=6 n=8 n=16 n=2 n=4
Mean (standard deviation)
Weight (kg) 61.6 59.5 588 57.8 729 673 58.4 54.2 61.1 60.0 51.8 533
(10.95)  (9.07) (10.60) (9.52) (14.69) (9.42) (4.48)  (4.50) (4.58)  (6.35) (0.78)  (5.86
BMI (kg/m?) 20.9 20.8 20.0  20.1 241 237 19.3 19.3 21.1 21.0 18.4 18.4
(3.02 (2.73) (2.69) (2.63) (4.25) (3.18) (0.73)  (0.63) (137)  (1.44) (0.42)  (0.53)
Fat mass (kg) 20.2 19.6 185 185 270 243 17.8 16.9 20.1 19.8 15.4 15.4
(6.47)  (5.09) (5.45) (4.98) (10.04) (6.28) (2.09)  (1.30) (261) (3.14) (0.67)  (2.30)
% body fat 322 325 30.9 31.6 36.1 35.7 30.4 31.2 32.7 329 29.7 28.7
(3.93) (381 (337) (3.69) (5.65) (4.62) (1.44)  (0.63) (239) (2.86) (0.85  (1.18)
Maximal BMI (kg/m?) 22.8 22.0 224 211 267 25.1 19.6 205 22.7 22.1 204 19.2
(3.78)  (3.05) (439) (2.95) (3.17) (3.72) (1.45)  (1.37) (1.63)  (1.44) (0.48)  (0.69)
ABMI 0.006 0.24 022 038 0.57 -0.27 0.35 0.42 -0.57 0.28 -0.49 0.95
Curr. - 3 mo. ago 1.57 0.86 (1.53)  0.57 056  1.18 1.31 0.36 233 0.58 0.37 1.87
Cognitive Restraint score  11.3 6.2 13.0 5.4 10.2 6.3 12.3 6.7 10.4 8.0 5.0 3.5
(4.52) (4.13) (4.51) (4.24) (4.76) (3.17) (4.62)  (5.54) (3.42) (4.10) (4.24) (1.73)
Leptin (ng/ml) 8.7 12.0 57 100 15.1 18.5 8.2 9.3 94 11.9 7.1 9.2
(7.28)  (7.07) (2.85) (5.61) (13.46)  (9.18) (6.61)  (3.01) (4.75)  (6.62) (438) (3.81)
Table3 Multivariate regression model for explana- Analvsis of vari R . del
tion of variance of logso serum leptin levels by group LI G VRIS Y e
and case control status, BMI, percent body fat, diffe- Variable SS df mean Pr>F Estimate  Pr> |t|
rence between maximal BMI in adulthood and current square
BMI (delta BMI) and score of the Cognitive Restraint
scale. The model explains 65.7 % of the variance of Intercept -0.153 0.51
Ig1o leptin level (p < 0.0001) Group status 125933 31 004062 055 /
Case control status 0.29125 1 0.29125 0.01 —0.155 0.01
BMI 0.01928 1 0.01928 0.50 0.062 0.50
ABMI 0.04624 1 0.04624 0.30 -0.020 0.30
Cognitive restraint score 0.00436 1 0.00436 0.75 0.002 0.75
% body fat 0.25016 1 0.25016 0.02 0.033 0.02

S sum of squares; df degrees of freedom; Pr > F probability derived from the F-distribution; Estimate(s) o.- and
[-coefficients, respectively; A BMI difference between current and maximal BMI during adulthood

fulfilled criteria for AN, BN or EDNOS. This high rate is
in line with the majority [31-35, 43], but not all [44, 45]
previous studies amongst students of dietetics, students
of nutritional sciences or amongst those who have com-
pleted their education. The gender ratio among these
students is approximately 9:1 for females and males. We
cannot exclude that our ascertainment procedure possi-
bly led to or contributed to the high rate of eating disor-
ders by selection-biased enrollment. Obviously, we can-
not compare the observed rate of eating disorders with
other student populations for lack of such a control
group. Nevertheless, the high rate found here appears
quite alarming. It should be noted that our study is the
first to interview students with a standardized module
for eating disorders. In the aforementioned studies, only

questionnaires were used to assess the frequency of dis-
ordered eating behavior in patients. In addition, our
study represents the first that combines an interview
with a physical assessment including blood sampling for
determination of LL.

An issue of concern is whether all interviewed stu-
dents indeed admitted to (or realized) having symptoms
of an eating disorder. Because cases had lower lg;o-LL
than the BMI-matched controls we are confident that the
students identified as cases indeed differed from the
controls. However, we cannot exclude that some of the
controls dissimulated past or present symptoms of an
eating disorder or were unaware of them. The female
student with both the lowest BMI and LL (14.67 kg/m?;
0.54 ug/L) serves to illustrate this aspect: Whereas we
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have little doubt that this student had AN, she did not
fulfill the DSM-IV criteria for any eating disorder upon
completion of the interview. Furthermore, although not
having assessed this aspect systematically we had the
impression that some of the cases did not know that they
had (had) an eating disorder.

Based on these observations we think that the identi-
fied rate of 17.7 % might actually even underestimate the
real lifetime prevalence of eating disorders among this
student group. On the other hand, we cannot totally ex-
clude that the advertisement for the study induced stu-
dents with abnormal eating behavior to preferentially
participate. Such students might have perceived the
study as a means to seek help; indeed, two students with
an eating disorder contacted the senior author to obtain
information as to therapeutic options within days after
the assessment procedure. Irrespective of these consid-
erations, we believe that within the curricula of students
of nutritional sciences eating disorders should be dealt
with extensively.

A drawback of our study is that we are not reliably
able to distinguish current from past eating disorders.
Whereas the M-CIDI attempts to distinguish past from
current AN and BN by asking if dieting behavior and
binge eating attacks, respectively, persist, we refrained
from categorizing our cases accordingly. Thus, as re-
quired in the M-CIDI, ongoing dieting behavior is by no
means sufficient to conclude that a diagnosis of AN still
applies; similarly, a recent history of binge eating attacks
is by itself insufficient to diagnose current BN. However,
it is of interest to point out that those 13 cases, who ful-
filled lifetime criteria for AN had a mean BMI of 20.04
kg/m? (Table 2), which is well above that required for a
diagnosis of this eating disorder. Only two of these cases
had a current BMI<17.5 kg/m? (16.5 and 17.4 kg/m?),
revealing that the majority no longer fulfilled the diag-
nostic criteria for AN.

The particularly low mean LL among these AN cases
again indirectly validates the diagnostic procedure. Fur-
thermore, 6 cases that fulfilled lifetime criteria for BN
(Table 2) had a BMI well above those with either AN, ED-
NOS or the whole study group (Table 1). Similarly aged
females with BN identified in a community sample [46]
or as inpatients [47] have previously also been shown to
have a mean BMI in the same range as our BN cases.

Interestingly, no differences in fat mass (or %BF)
were apparent between cases and controls (Table 2). This
result is in line with a study of both acutely ill and re-
covered BN patients [27, 28], whose BMI and %BF were
not responsible for the observed reduction in LL.In long
term recovered AN patients we had previously found a
trend towards lower LL as compared to BMI matched
controls (p=0.051); however, in contrast to the current
study, %BF had differed between cases and controls
(p=0.01; 30). We had assumed that the former patients,
who had been followed-up 10 years after admission for

inpatient treatment, were more physically active than

the BMI matched controls, thus explaining their higher

fat free mass. In the current study %BF and fat mass were
similar between cases and controls irrespective of the

type of eating disorder (Table 2).

Basically, lower leptin levels in eating disordered
cases as compared to BMI matched controls can reflect
both a state and trait marker. In order to identify poten-
tial mechanisms underlying the lower leptin levels in
cases as compared to controls we included five variables
within our mixed model analysis of variance. Whereas
many more variables might potentially influence LL, we
restricted our study to those variables for which we were
able to state clear hypotheses as to their influence on LL.
In contrast to our expectation, neither net weight loss
(defined as the maximal adult BMI minus the current
BMI) nor the score of the Cognitive Restraint score pre-
dicted 1g;o-LL (respective p-values > 0.05). The effect of
%BF was no surprise in the light of the well known rela-
tionship between this variable and LL; the BMI did not
independently explain additional variance. The fact that
the case-control status still predicted LL indicates that
the other variables were not sufficient to explain the
lower LL in cases.

Unfortunately, we were not able to estimate the effect
of recent weight change. Whereas we had asked all
probands to recall body weights one, three and 12
months prior to assessment, a substantial subgroup was
not able to recall one or more of these weights, thus im-
plying a high number of potentially non-random miss-
ings. In our post-hoc analyses based on sample sizes re-
duced by as much as 40% we found evidence for a
substantial influence of recent weight history on LL.
Based on these preliminary findings future studies
should include respective parameters as potentially rel-
evant variables; appropriate efforts should be under-
taken to minimize the number of missing values. Alter-
natively, and more appropriately, we recommend a
prospective approach.

In our opinion, three major aspects should be con-
sidered for an adequate interpretation of our regression
model:

1) Inthelight of the low number of female students with
AN, BN or EDNOS, respectively, we decided to treat
all individuals irrespective of their eating disorder as
one group. Undoubtedly, subgroupings based on the
type of eating disorder would appear more appropri-
ate, if a sufficiently high number of cases can be as-
certained. However, the fact that lower LL were de-
tected in all subgroups (Table 2), suggests a common
underlying mechanism.

2) As we had expected, the score of the Cognitive Re-
straint scale is higher in cases than controls (Table 2).
This difference is not surprising in the light of previ-
ous studies revealing high Restraint scores in eating
disordered patients [48, 49]; furthermore, abnormal
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eating patterns including restrained eating are
known to persist in patients even after recovery [50].
However, and in contrast to our previous study in un-
derweight students [42] the Cognitive Restraint scale
score did not explain variance in 1g;o-LL. Obviously,
in the current study the cases were mostly not under-
weight (Table 2). It could very well be that only the
high scores in cases do indeed reflect a restrained eat-
ing behavior with a biological correlate in the form of
lowered LL. Controls might score high on the scale,
but simply do not have an eating behavior consistent

with their ratings.

Previously, only recent weight loss has been shown to
result in a disproportionate decrease in LL [2]. We are
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In this context it seems to be worth mentioning that
rats set on dieting increase their physical activity while
their serum leptin decreases to very low levels. This ob-
servation seems to be paralleled by eating disordered,
especially by anorectic patients who often show hyper-
activity,low LL and low body weight [51]. Further efforts
will be necessary to clear the physiological complexity of

In conclusion, our results further support the notion
that measurement of LL represents a means of validat-
ing the disordered eating behavior associated with eat-

ing disorders. Further research is required to address

not aware of a study that has addressed a medium or

long-term effect of weight loss on LL.In our study, we
were not able to address temporal aspects related to
the assumed weight loss. Perhaps only recent weight

loss is associated with lower leptin levels.
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