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Background & objectives: Postmenopausal women constitute an ideal model for studying the extent 
of hypothalamo-pituitary gonadal (HPG) axis suppression in critical illness as the gonadotropins are 
normally high and non-cyclical in them. The objective was to assess the impact of acute severe illness in 
postmenopausal women on the HPG axis and the activities of the hypothalamo-pituitary-adrenal (HPA), 
the hypothalamo- pituitary-thyroid (HPT) axes; and levels of serum prolactin, by comparison between 
critically ill postmenopausal women and otherwise healthy postmenopausal women. 
Methods: Thirty five consecutive postmenopausal women older than 60 yr admitted to medical intensive 
care with a Simplified Acute Physiology Score II (SAPS II) more than 30 were included. On day five of 
their in-hospital stay, blood samples were collected for oestradiol, luteinizing hormone (LH), follicle 
stimulating hormone (FSH), cortisol, androstenedione, prolactin and thyroid profile. Thirty five 
apparently healthy postmenopausal women were selected as controls.
Results: Levels of LH, FSH, thyrotropin, free thyroxin (fT4) and free tri-iodothyronine (fT3) were lower 
while oestradiol, cortisol and dehydroepiandrosterone were higher among patients in comparison to 
healthy controls. Prolactin levels were similar in patients and controls. Among sick patients both FSH 
and fT4 showed a negative correlation (P<0.05) with the SAPS II score. 
Interpretation & conclusions: In critically ill postmenopausal women, paradoxically elevated oestrogen 
levels despite gonadotropin suppression suggests a non-ovarian origin. Prolactin remained unaltered in 
patients despite their illness, possibly reflecting atrophy of lactotrophs in menopause.
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 Acute severe illness causes a number of hormonal 
alterations aimed at directing available resources 
towards combating disease and ensuring the survival 
of the individual at the cost of other less essential 
functions such as reproduction. Studies in both men 

and women, suffering from acute illness or stress, 
showed low circulating sex steroid hormone levels 
(estradiol and testosterone in females and males, 
respectively) associated with inappropriately low 
gonadotropin levels consistent with a transient 



suppression of the hypothalamo-pituitary-gonadal 
(HPG) axis1-5. This is associated with simultaneous 
activation of the hypothalamo-pituitary adrenal (HPA) 
axis with consequent elevation of the serum cortisol 
levels6,7. The hypothalamo-pituitary-thyroid (HPT) axis 
in turn undergoes a series of complex changes during 
acute illness known as non-thyroidal illness or the sick 
euthyroid syndrome8-10. Initially, there is an impaired 
conversion of thyroxin (T4) to tri-iodothyronine (T3) 
leading on to elevated serum levels of T4 and depressed 
levels of T3. In more severe illness the T4 returns to 
normal or even may become low while the T3 remains 
low throughout and may even become undetectable. All 
these changes occur in the face of an inappropriately 
low thyrotropin (TSH) thereby signifying a transient 
functional suppression of the HPT axis10.

 In postmenopausal women the gonadotropin 
levels are normally grossly elevated. It is, therefore, 
easy in this model to demonstrate the suppression of 
gonadotropin levels due to acute illness. Only a few 
studies3,5,11-13 have evaluated the gonadotropin levels 
in this population during acute severe illness or have 
endeavored to correlate the suppression of HPG axis 
with the activity of other relevant axes such as HPA12,13 
and HPT axis11 or with the severity of illness12. This 
study was planned to simultaneously evaluate all the 
three axes (HPT, HPA and HPG) and also prolactin in 
severe acute illness in postmenopausal women with 
focus on the HPG axis and to correlate the observations 
with the severity of illness using the Simplified Acute 
Physiology Score II (SAPS II)14.

Material & Methods

 Consecutive postmenopausal women were 
recruited according to the following inclusion and 
exclusion criteria: Cases were postmenopausal women 
aged more than 60 yr of age who were admitted to the 
intensive care unit (ICU) in the department of Medicine, 
Sri Venkateswara Institute of Medical Sciences, 
Tirupati, India, with a variety of acute, clinically 
severe, systemic illnesses and having a SAPS II score 
on the day of admission more than 30 (consistent 
with a predicted mortality >10%). Patients receiving 
postmenopausal hormone replacement therapy with 
estrogens or selective estrogen receptor modulators 
(SERMS) or those who had received glucocorticoids 
during the current admission or in the recent past were 
excluded from the study. Likewise patients undergoing 
treatment for or known to be having hypothyroidism 
or hyperthyroidism or those known to be having 
any pituitary disease were not included. Patients not 

surviving upto the fifth day of in-hospital admission 
and also those who withheld consent to participate 
were also excluded from the study. Apparently healthy, 
ambulatory, non-hospitalized, postmenopausal women 
aged more than 60 yr and not currently suffering from 
any acute intercurrent illness were included as controls.

 The recruitement period was from March 2012 to 
February 2013 over a duration of one year. Informed 
written consent was obtained from each participant. 
The study was approved by the institutional ethics 
committee. 

Data and sample collection: Relevant demographic, 
clinical, laboratory and imaging data were collected to 
identify the diagnosis in the given patient. The severity 
of the illness was assessed by calculating SAPS II 
on the day of admission14. In all patients, on the fifth 
day of admission to medical ICU peripheral venous 
blood was collected starting at 0800 h in plain vials 
as three equal aliquots taken 20 min apart from each 
other. The three aliquots were then pooled for hormone 
analysis. Serum was separated and stored at -40°C till 
processing. In controls, sampling was done at 0800 h 
am in a similar fashion. The following hormones were 
estimated in all these samples: luteinizing hormone 
(LH), follicular stimulating hormone (FSH), oestradiol 
(E2), free triodothyronine (fT3), free thyroxin (fT4), 
thyroid stimulating hormone (TSH), cortisol, prolactin, 
dehydroepiandrosterone (DHEA), androstenedione 
and sex hormone binding globulin (SHBG).

Hormone assays: LH was measured by 
immunoradiometric assay (IRMA) using kits (IM1381-
IM3302) from Beckman Coulter (Prague, Czech 
Republic), which had a measurement range of 0.4-180 
IU/l with an inter-assay variation of 6.7 per cent and 
an intra-assay variation of 3.7 per cent. FSH was also 
measured by IRMA using kits from Beckman Coulter 
(IM2125-IM3301), which had a measurement range of 
0.5-180 IU/l and an intra- and inter-assay variations of 
2.6 and 6.3 per cent, respectively. Free thyroxin was 
estimated by commercial radioimmunoassay (RIA) 
kits (SA1535S by Diasorin Inc., USA) which had a 
range of measurement between 0.07 - 4.3 ng/dl and 
inter- and intra-assay variations ranging from 2.52-
9.62 and 6.09-16.28 per cent, respectively at different 
concentrations of fT4. Cortisol was also estimated by an 
RIA kit from Diasorin which had a measurement range 
of 0.21-60 µg/dl and intra- and inter-assay variations 
ranging from 6.6-7.7 and 8.8-9.8 per cent, respectively 
at different concentrations of cortisol. SHBG was 
also estimated by an RIA (kit IM3532, Beckman 
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Coulter, Czech Republic) with a measurement range 
of 0.22-300 nmol/l and an intra- and inter-assay 
variations of 6.1 and 8.6 per cent, respectively.TSH 
was measured by IRMA using kits (IRMAK-9) from 
the Board of Radiation Technology (BRIT), Mumbai, 
having a measurement range of 0.025-100 µIU/ml. 
Androstenedione was estimated by RIA kit (DSL3800) 
manufactured by Beckman Coulter which had a range 
of measurement of 0.03-10 ng/ml. All measurements 
were made on an I125 Gamma Counter (IC 4702A, ECIL, 
Hyderabad). Prolactin, fT3 and E2 were estimated on a 
fully automated chemiluminesence platform (Access 2 
Immunoassay System by Beckman Coulter, USA). For 
prolactin, the range of measurement was 0.25-200 ng/
ml, for estradiol, 20-4800 pg/ml and for fT3 it was 1.4-
47.7 pmol/l. DHEA was measured by enzyme linked 
immunosorbent assay (ELISA) using the DHEA kits 
manufactured by Diagnostics Biochem Canada Inc., 
Ontario, Canada. The measurement range was from 
0.082 to 40 ng/ml. The intra-assay coefficients of 
variation ranged from 5.9  to 13.4 per cent, while the 
inter-assay coefficients of variation ranged from 9.2-
13.5 per cent.

Statistical analysis: Continuous variables were 
represented either as mean ± standard deviation (SD) 
when these were normally distributed. Else these were 
represented as median (inter-quartile range - IQR). 
Where means of continuous variables in patients were 
compared with those in healthy controls, the differences 
were tested for significance by the Student t test. 
However, when the medians of continuous variables in 
patients were compared with that in healthy controls, 
the differences were tested for significance by the 

non-parameteric Mann Whitney U test. Correlations 
between continuous variables were determined using 
the Pearson’s coefficient of correlation. 

Results 

 Thirty five critically ill postmenopausal patients 
older than 60 yr of age (66.6 ± 6.5 yr) and 35 apparently 
healthy postmenopausal controls aged more than 60 
yr (64.6 ± 4.2 yr) were studied. In patients, the mean 
SAPS II score was 43.9 ± 9.1 and the mean predicted 
in-hospital mortality was 34.1±18.1 per cent. Ten of 35 
patients died in hospital during the study period giving 
an observed in-hospital mortality of 28.6 per cent.

Comparison of hormone levels between patients and 
controls: Hormonal characteristics of patients and 
healthy controls are shown in Tables I and II. Levels 
of LH and FSH were significantly lower among sick 
patients in comparison to healthy controls (P<0.001). 
However, oestradiol values were significantly higher 
among patients than in controls (P<0.001) even 
though the sex hormone binding globulin (SHBG) 
levels were similar. Likewise, cortisol and DHEA 
but not androstenedione were elevated in patients 
compared to controls, while the fT3 , fT4 and TSH all 
were significantly lower. Prolactin levels were similar 
between patients and controls. 

Correlations between hormones and SAPS II score in 
sick patients group: Among sick patients both FSH and 
fT4 showed a significant negative correlation with the 
SAPS II score (r = -0.35; P=0.04 for FSH and r = -0.42; 
P = 0.012 for fT4). No correlations with SAPS II score 
were obtained for any of other hormones estimated. 

Table I. Comparison of hormones between sick postmenopausal women versus that in healthy postmenopausal controls
Hormone (units) Sick patients  

Median (IQR)
Healthy controls  
Median (IQR)

P value

Luteinizing hormone (LH) (IU/l) 9.2 (2.4-36) 37 (27-47) <0.001
Follicular stimulating hormone (FSH) (IU/l) 32 (16-52) 58 (45-68) <0.001
Oestradiol 61 (28-98)  12 (6-18) <0.001
Thyrotropin (TSH) (µIU/ml) 1.3 (0.8-3.7) 3.1 (2.8-4.0) 0.002

Cortisol (µg/dl) 33 (24-50)  17 (13-21) <0.001
Androstenedione (ng/ml) 1.7 (0.6-2.6) 1.2 (1.1-1.4) 0.459
Dehydroepiandrosterone (DHEA) (ng/ml) 6.8 (2.2-12) 2.2 (1.5-5.2) 0.004
Prolactin (ng/ml) 16.6 (9.1-32) 11.1 (6.3-21) 0.071
IQR, Inter quartile range
Expected values in normal postmenopausal women:
Luteinizing hormone:16 -66 IU/l, Follicular stimulating hormone : 32 - 103 IU/l, Oestradiol: < 40 pg/ml, Thyrotropin: 0.5 - 5.0 µIU/
ml, Cortisol (0800 h): 7 - 25 µg/dl, Androstenedione: 0.10 - 2.99 ng/ml, Prolactin  2.74 - 19.64 ng/ml, DHEA 1-12 ng/ml



Correlations between pairs of hormones in sick patients 
group: FSH and fT4 in patients showed a significant 
positive correlation with each other (r=0.471; 
P=0.004). The two gonadotropins LH and FSH 
also showed a strong positive correlation with each 
other (r=0.601; P<0.001). The adrenocortical steroid 
hormones, cortisol and androstenedione were also 
significantly and positively correlated with each other 
(r=0.356; P=0.036). No other significant correlations 
were observed among the various hormones in the 
group of sick patients.

Discussion

 In our study the SAPSII scoring system was used 
to quantify severity of the underlying illness and to 
predict the likelihood of mortality. We chose to include 
only those patients who had a predicted in-hospital 
mortality greater than or equal to 10 per cent to ensure 
that only genuinely critically ill patients were included 
as cases. A significant negative correlation was observed 
between severity of illness as quantified by the SAPSII 
score and serum FSH but not with LH. Spratt et al12 
have used the APACHE (Acute Physiological and 
Chronic Health Evaluation II) scoring system to divide 
their patients into mild, moderate and severe illness. 
They reported that in postmenopausal women nadir 
serum FSH but not LH levels during hospitalization 
were lower in patients with APACHE II scores > 15 
than in patients with APACHE scores of < 15. Thus, 
while both gonadotropins are suppressed in acute 
illness, the FSH level of suppression correlates with 
the severity of illness.

 A significant correlation was observed between the 
FSH and LH levels in the critically ill patients. Both 
these hormones are produced by the same cells and are 
released in response to the same hypothalamic trophic 
hormone namely gonadodotropin releasing hormone 
(GnRH). Cytokines are the probable mediators of 

the gonadotropin suppression in the sick patients via 
their negative impact on GnRH pulses. Injection of 
interleukin (IL)-1α in primates caused suppression 
of gonadotropin secretion that was reversed by the 
administration of corticotrophin releasing hormone 
(CRH) antagonist, implying the role of CRH in reducing 
GnRH pulses in cytokine induced gonadotropin 
suppression15.

 Cytokines can also activate the HPA axis via their 
effects on hypothalamic CRH and arginine vasopressin 
(AVP) secretion. In our study, levels of cortisol were 
significantly higher in patients than in the healthy 
controls. This has been observed in several other 
studies as well6,7. Even though there is a suppressive 
effect of cortisol on gonadotropins16, no correlation 
was observed between cortisol levels with either of the 
two gonadotropins in our study. Thus cortisol was not 
probably responsible for the gonadotropin suppression. 
Samuels et al17 found no effect of 100 and 300 mg 
hydrocortisone (HC) infusion over 24 h on pulsatile LH, 
FSH and alpha-subunit secretion in ten healthy young 
subjects on three occasions. They have concluded that 
the effects of stress and/or hypercortisolism on the 
gonadal axis may require higher cortisol levels, more 
prolonged exposure, or other mediators of the stress 
response.

 Parallel with the rise in cortisol in our critically ill 
patient group, higher levels of DHEA in comparison 
to healthy controls were also observed. Both cortisol 
and androstenedione showed a significant positive 
correlation among patients, as reported earlier13. This 
may be explained by the fact that ultimately both 
androgens and cortisol are secreted by the adrenal 
cortex under control of the same trophic hormone 
namely adrenocorticotropic hormone (ACTH). 

 An interesting observation in our study was higher 
levels of oestradiol in critically ill postmenopausal 

Table II. Comparison of hormones between sick postmenopausal women versus that in healthy postmenopausal controls
Hormone (units) Sick patients Healthy controls P value
Sex hormone binding globulin (mmol/l) 48.66 ± 22.6  46.97 ± 18.8 0.617
Free tri-iodothyronine (pmol/l) 3.06 ± 0.64 4.3 ± 0.58 <0.001
Free thyroxin (ng/ml) 1.2 ± 0.46 1.5 ± 0.42 <0.001
Values are mean ± SD (n=35)
Expected values in normal postmenopausal women:
Free thyroxin: 0.95 - 2.23 ng/dl, Free tri-iodothyronine : 3.8 - 6.0 pmol/l,
Sex hormone binding globulin : 30 - 100 nmol/l
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women when compared to healthy postmenopausal 
controls despite the lower levels of gonadotropins in 
them. This suggests that the oestrogen elevation is 
not under gonadotropin stimulation and is thus not 
of ovarian origin. The only other source of oestrogen 
is that derived from the peripheral aromatization 
of adrenal androgens to oestrogen. Moreover, the 
adrenal specific androgen DHEA, like oestrogen was 
elevated in the critically ill postmenopausal women 
in comparison to controls. This could have been the 
source for the increased production of oestrogen in 
sick postmenopausal women, via aromatization in the 
periphery.

 Though no correlation was observed between 
DHEA or androstenedione with oestradiol, it may 
be noted that DHEA has to be initially converted to 
androstenedione which on aromatization directly forms 
oestrone rather than oestradiol. Thus oestradiol, being 
not a direct product of DHEA or androstenedione may 
lack correlation with it.

 The clinical significance of oestrogen elevation 
is not clear. Oestrogen has been shown to have 
many beneficial effects during acute severe illness. 
Physiologic levels of oestrogen, like those seen during 
the oestrus/menstrual cycle, stimulate the immune 
response, whereas high levels such as those found 
during pregnancy are suggested to downregulate cell-
mediated immune responses18. Estrogen receptors are 
found in reproductive tissue, as well as certain immune 
cells including T cells, monocytes, and macrophages. 
Oestrogens have an anti-apoptotic effect on cultured 
human macrophage cell lines19, and has also shown 
a protective effect in pneumonia as it enhances the 
transport of IgA into the respiratory mucosal cells by 
increasing toll like receptor 4 (TLR 4) expression20. 
Oestrogens also have prothrombotic effects21 which 
may be of help with haemostasis in acute trauma 
patients.

 In our study there was no significant correlation 
between the SAPS II score and levels of oestrogen. 
However, Dosselt et al22 showed that oestrogen levels 
could be a predictor of mortality in critically ill and 
injured patients in both sexes as the level of oestrogen 
elevation correlated with the severity of illness22-24. 
Oestradiol levels were higher in non-survivors than 
survivors22,23. A serum oestradiol cut-point of 50 pg/
ml was 48 per cent sensitive and 80 per cent specific 
in predicting death and classified the outcome of 76 
per cent of patients correctly22. Analysis by quartiles 

of oestradiol among critically ill trauma and surgery 
patients demonstrated a greater than three-fold 
increase in the mortality rate for the highest vs. the 
lowest estradiol quartiles24. Further research is required 
to determine whether oestrogen is merely a marker 
of severity of illness and consequently mortality or 
whether it contributes to deterioration and death of the 
patient.

 In sick postmenopausal women, as expected fT3 
and fT4 as well as TSH levels were lower than in 
control, which was consistent with what is expected in 
the sick euthyroid syndrome8-10. For fT4 we were also 
able to demonstrate a significant negative correlation 
with the severity of illness as quantified by the  
SAPS II. 

 Prolactin is an important stress induced hormone 
and is known to rise in acute critically ill patients25-27. 
However, in our study, which focused exclusively 
on postmenopausal women, there was no difference 
between the prolactin levels in patients and controls. 
Levels of prolactin in critically ill patients also did not 
correlate with the SAPS II. Spratt et al12 also showed 
no correlation between prolactin and the APACHE II 
score in sick men and postmenopausal women. This 
lack of prolactin response to the stress of critical 
illness could be due the atrophy of lactotrophs in 
postmenopausal women due to the prolonged lack 
of oestrogen. Oestrogen is trophic to the lactotrophs 
and maintains the mass and function of these cells. 
Prolactin has important immunomodulatory roles28,29. 
It is not clear whether the absence of elevated prolactin 
and consequently of its immunomodulatory effect 
could have any effect on the outcome in critically ill 
postmenopausal women.

 To conclude, critically ill postmenopausal women 
showed an elevated oestradiol despite suppression of 
gonadotropins. This oestradiol is likely to be due to 
aromatization of elevated andrenal androgens, found 
in these patients, to oestrogens. The suppression of 
FSH correlated with severity of the illness. Prolactin 
levels were not altered in postmenopausal critically ill 
women. The impact of these hormonal alterations on 
outcome of the underlying disease needs more study.
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