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Objective: Luteinizing hormone (LH) pulse characteristics in depressed and normal women
were compared to determine whether hypothalamic dysregulation in depression extends to the
hypothalamic-pituitary-gonadal axis. Method: The subjects were 10 depressed and 13 normal
comparison women admitted to a clinical research center. For each woman, an intravenous
line was started and blood was withdrawn every 10 minutes for 8 hours. Blood samples were
assayed for LH and LH pulse characteristics determined by using the computerized cluster
algorithm of Veldhuis and Johnson. Results: The depressed women differed significantly from
the comparison women in LH pulse amplitude, rhythmicity, and area under the curve. Con-
clusions: Major depressive disorder is associated with abnormal regulation of luteinizing hor-
mone. Gonadotropin regulation may provide a hormonal link between major depressive dis-

order and impaired fertility.
(Am J Psychiatry 1997; 154:1454-1455)

I\/I ajor depression is a common disorder that will

affect at least 10% of women (DSM-III-R, p.
229). It is associated with abnormal hypothalamic
regulation of a variety of neuroendocrine systems. If
this dysregulation affects the hypothalamic-pitui-
tary-gonadal (HPG) axis, potential physiologic mani-
festations could include impaired fertility, a condition
of increasing clinical and social relevance for which
an estimated 3 million couples sought treatment in
1995 (1).

Regulation of the HPG axis depends on hypotha-
lamic control of gonadotropin-releasing hormone. The
frequency, amplitude, and perhaps other characteristics
of the pulsatile release of gonadotropin-releasing hor-
mone must fall within certain limits for maintenance of
normal HPG axis functioning (2). Peripheral plasma
concentrations of gonadotropin-releasing hormone are
too small to be accurately assayed. However, because
of its high correlation with luteinizing hormone (LH)
release, gonadotropin-releasing hormone can be indi-
rectly assessed by characterization of LH secretory pat-
terns (3, 4). In the current study, 8-hour LH pulse char-
acteristics of depressed women and normal subjects
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were compared in order to determine whether depres-
sion alters HPG axis function.

METHOD

Twenty-three women between the ages of 18 and 40 years were
recruited. Ten were psychiatric outpatients who met the DSM-III-R
criteria for current major depressive episode (eight had major depres-
sion, recurrent; two had bipolar disorder not otherwise specified and
were currently depressed), and 13 were normal subjects without any
current axis | diagnoses. The mean age of the depressed women was
30.7 years (SD=3.8, range=26-37). The mean age of the comparison
women was 30.1 years (SD=6.3, range=20-39). The depressed pa-
tients were initially diagnosed in a clinical interview using DSM-I11-R
criteria. They also met the Research Diagnostic Criteria (eight had
recurrent unipolar depression; two had bipolar disorder and were
currently depressed) according to the Schedule for Affective Disor-
ders and Schizophrenia (SADS) (5). The comparison subjects were
screened with the nonpatient version of the SADS. A subject was ex-
cluded if she had a history of other axis | diagnoses, current major
medical illness, current use of birth control pills, a history of endocri-
nopathy, oophorectomy, current hormone replacement, or current
amenorrhea. Each subject was free of psychotropic medications and
was tested during the first week of her menstrual cycle. After com-
plete description of the study to the subjects, written informed con-
sent was obtained.

The subjects were admitted to the University of Minnesota General
Clinical Research Center at 10:30 a.m. An accurate weight was ob-
tained, and an intravenous line with 5% dextrose in water (to keep it
open) was started. Beginning at 11:00 a.m., a 5-ml blood sample was
collected every 10 minutes for 8 hours, the “intensive sampling
method” (6). Blood was drawn into heparinized tubes, immediately
placed on ice, and centrifuged within 1 hour. The plasma was then
stored at —70°C until assayed.

The plasma samples were assayed for LH by means of a commer-
cially available enzymatic-immune assay. The intra-assay coefficients
of variation were 5.5%, 3.1%, and 3.6% at 5.4, 43.2, and 82.5
mlU/ml, respectively. The interassay coefficients of variation were
8.7%, 6.4%, and 6.2% at these concentrations.
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TABLE 1. Eight-Hour Luteinizing Hormone Pulse Characteristics of 10 Depressed Women and

13 Normal Comparison Women
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The 8-hour sampling period was
chosen since Berga et al. (8) demon-

strated significant differences in LH

Depressed Comparison
Women Women ANOVA area under the curve between normal
Pulse Characteristic Mean  SD Mean  SD F df p women and women with hypotha-

Number of peaks over 8 hours 3.7 1.2 4.3 1.1
Maximum change in amplitude

(1U/liter) 1.9 0.9 1.3 0.5
Net area under the curve
(1U/min @ter) 95.8 66.9 49.7 19.3

Log-transformed standard de-
viation of interpeak intervals
(log min) 165 0.39 1.29 0.33

lamic amenorrhea during an 8-hour
period in the afternoon and evening.

Itis striking that in this small study
group there were significant differ-
ences, with depressed women display-
ing abnormal pulse characteristics.
These were similar to abnormalities
noted in women with ““functional hy-

163 1,21 0.20
184 1,21 0.05

563 1,21 0.03

495 1,18 0.04

The LH pulse characteristics for each subject were analyzed by
means of the computerized algorithm cluster analysis of Veldhuis and
Johnson (7). Pulse characteristics such as amplitude, interpeak inter-
val, mean peak duration, area under the curve, and peak and valley
frequencies were determined (8). Rhythm was defined as the standard
deviation of the interpeak intervals. Because standard deviation is
typically not normally distributed, this value was log transformed.

The pulse characteristics of the depressed and comparison groups
were then compared by using one-way analysis of variance (ANO-
VA). Possible interference from the potentially confounding variables
weight, age, and day of cycle was examined by using multiple regres-
sion analysis for each characteristic.

RESULTS

When the two groups were compared statistically, sig-
nificant differences emerged in the mean values for am-
plitude (maximum change), peak area (net area under the
curve), and rhythmicity (standard deviation of interpeak
intervals) (table 1). Although the difference in mean peak
frequency did not reach statistical significance (table 1),
it is interesting that 90% of the depressed women (N=9)
had fewer than five peaks in 8 hours, compared to 46%
of the comparison women (N=6) (Yates-corrected x2=
3.05, df=1, p<0.08). Five peaks per 8 hours was the modal
frequency for the comparison group and is considered
“normal’ in the literature (9).

As a group, the depressed women displayed high am-
plitude pulses in a nonrhythmic fashion and had a some-
what lower frequency. A multiple regression analysis of
weight, day of period (day 2 to day 7), and age yielded
no significant findings, implying that these potentially im-
portant variables were not confounding the results.

DISCUSSION

Before discussion of the potential implications of
these results, it is appropriate to comment on certain
aspects of the methods. Because the subjects were not
age matched at the outset, age could be an important
confounding variable. Fortunately, the mean ages and
age ranges were similar, and age did not emerge as a
confounder in the multiple regression. It therefore
seems unlikely that any group differences are accounted
for by age.
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pothalamic amenorrhea,” who fre-
quently display low frequency and
variable amplitude (10) and have impaired fertility.
None of these subjects was attempting to become
pregnant, and we cannot say which, if any, was infer-
tile. However, as a group, the depressed women dis-
played abnormal LH pulse characteristics, which is
consistent with epidemiological data suggesting im-
paired fertility in women with severe affective distur-
bance (11, 12). Gonadotropin dysregulation may pro-
vide an important hormonal link between major
depressive disorder and impaired fertility.

REFERENCES

1. Begley S: The baby myth. Newsweek, Sept 4, 1995, pp 38-45
2. Filicori M, Cognigni G, Della P, Arnone R, Sambaturo M, Falbo
A, Pecorari R, Carbone F, Meriggrola MC: Role of gonadotro-
pin releasing hormone secretory dynamics in the control of the
human menstrual cycle. Hum Reprod 1993; 8(suppl 2):62-65
3. Clark 1J, Cunnins JT: The temporal relationship between gonad-
otropin releasing hormone (GNRH) and luteinizing hormone
(LH) secretion in ovariectomized ewes. Endocrinology 1982; 111.:
1737-1739
4. Moenter SM, Caraty A, Lehman MN, Karsch FJ: Characteriza-
tion and regulation of pre-ovulatory secretion of gonadotropin
releasing hormone. Hum Reprod 1993; 8(suppl 2):51-56
5. Spitzer RL, Endicott J: Schedule for Affective Disorders and
Schizophrenia (SADS), 3rd ed. New York, New York State Psy-
chiatric Institute, Biometrics Research, 1978
6. Filicori M, Flamigni C, Crowley WF: The critical role of blood
sampling frequency in the estimation of episodic luteinizing hor-
mone secretion in normal women, in The Episodic Secretion of
Hormones. Edited by Crowley WF, Hofler JG. New York, John
Wiley & Sons, 1987, pp 5-13
7. Veldhuis JD, Johnson ML: Cluster analysis: a simple, versatile,
and robust algorithm for endocrine pulse detection. Am J Physiol
1986; 250:E486-E493
8. Berga SL, Martola JF, Girton SB, Laughlin G, Pham P, Yen SSC:
Neuroendocrine aberrations in women with functional hypotha-
lamic amenorrhea. J Clin Endocrinol Metab 1989; 68:301-308
9. Jansen R: Pulsatile intravenous gonadotropin releasing hormone
for ovulation induction: determinants of follicular and luteal
phase responses. Hum Reprod 1993; 8(suppl 2):193-196
10. Marshall JC, Griffin ML: The role of changing pulse frequency
in the regulation of ovulation. Hum Reprod 1993; 8(suppl 2):
57-61
11. Baron M, Risch N, Mendlewicz J: Differential fertility in bipolar
affective illness. J Affect Disord 1982; 4:103-112
12. Calzeroni A, Conle G, Pennati A, Vita A, Sacchetti E: Celibacy
and fertility rates in patients with major affective disorders: the
relevance of delusional symptoms and suicidal behavior. Acta
Psychiatr Scand 1990; 82:309-310

1455



