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Abstract 
 

Background: In acute and chronic phases of severe diseases, endocrine changes occur. Some hormones, such as prolactin (PRL) and 

thyroid hormones, were considered predictors of ICU patients' outcomes. The present study evaluates thyroid hormone profile, serum 

PRL level, and their relationship with ICU poisoned patients' mortality rate. 

Methods: This study included 140 inpatients in the Toxicology Intensive Care Unit (TICU) who enrolled in a prospective study of a 

single center and observational. 

 After admission to the ICU, the researchers collected venous blood samples from all patients directly. Concurrently, the APACHE II 

score was calculated. The collected samples analysis was performed based on the entire triiodothyronine (T3), thyroxine (T4), thyroid-

stimulating hormone (TSH), and PRL level. 

Results: One hundred and forty subjects were studied, of which 109 (75.85%) were male with a mean age of 34.17 ± 14.01. One 

hundred and eighteen patients were survivors with a mean age of 33.29 ±13.76. In contrast, 22 patients with a mean age of 38.91 

±14.69 died. The model of PRL combined with APACHE II score (OR 1.17, 95% CI 1.06 to 1.28, P-value =0.001) was the best model 

for predicting post-ICU mortality in our study. 

Conclusions: This study’s results are consistent with the previous research, indicating a higher incidence of thyroid and PRL hormone 

changes in patients hospitalized in the ICU.    

It can be concluded that the presence of PRL based on the APACHE II score can lead us to be more precise in predicting the outcome 

of poisoning in hospitalized patients. 

 

Keywords: APACHE II score, Mortality, Prolactin, Thyroid hormones. 
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over immune cells, this hormone can be pro- or anti-

inflammatory by regulating inflammatory mediators (10,11). 
The regulatory activity of thyrotropin-releasing hormone 

(TRH) and thyroid-stimulating hormone (TSH) secreted from 

the thyroid gland, comprising thyroid hormones: 

Triiodothyronine (T3) and thyroxine (T4) (12,13).  

Thyroid hormones have a vital role in maintaining 

homeostasis, energy consumption, metabolism, and activity 

of cells. These hormones affect the cardiovascular, neurotic, 

muscular, skeleton, and other systems (14). According to the 

previous studies, the thyroid hormones concentration serum 

is altered in the chronic stage of severe disease due to 

decreased thyroid-stimulating hormone (6,15,16). The 

present study evaluates thyroid hormone profile, serum PRL 

level, and their relationship with the mortality proportion of 

ICU poisoned patients. 

 

 

Study design 

This prospective observational study was conducted at the  

 

 INTRODUCTION 
 

 

The Global load of Disease in 2017 showed that almost 

72,400 deaths worldwide could be due to poisoning 

(intentional or accidental) (1). The most widely used ICU 

outcome measurement is the mortality rate ranging from 20 

to 30% (2,3). The Stability and Workload Index for Transfer 

(SWIFT), the ICU discharge readiness, the Minimizing ICU 

Readmission, and Acute Physiology and Chronic Health 

Evaluation (APACHE) II are considered the various scoring 

methods to predict ICU mortality. However, their beneficial 

values for the decline in mortality remain a matter of debate 

(4). Since endocrine changes in the acute and chronic phases 

of severe diseases take place (5,6), in some studies, endocrine 

hormones such as prolactin (PRL) and thyroid hormones 

were considered as predictors of ICU patients' outcomes 

(7,8). PRL is a hormone/cytokine synthesized and secreted in 

the anterior pituitary. It can also be produced in extra-

pituitary regions, including the mammary epithelium, uterus, 

immune system, etc.(9). Due to the PRL receptor's expression  
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Toxicological Intensive Care Unit (TICU) of Loghman-

Hakim Hospital Poison Center (LHHPC). A total of 140 

patients admitted to our TICU with different poisoning were 

enrolled. One hundred and forty patients hospitalized in the 

TICU with various poisonings were included in the study. 

 Exclusion criteria included concomitant therapy along 

with medications, influencing hypothalamic-pituitary 

activity, including etomidate, diphenylhydantoin, or 

rifampicin, and an endocrine disorder, which already existed.  

An appropriate questionnaire was prepared based on 

demographic data (age, sex), type of poisoning, lab tests (total 

T3, total T4, TSH, PRL), and patient outcomes. Written 

informed consent was obtained from patients or their families 

to participate in the study. The Ethics Committee of the Vice-

Chancellor for Research of Shahid Beheshti University of 

Medical Sciences, Tehran, Iran, approved the protocol of this 

study. 

Assay  
Immediately after hospitalization to the ICU, venous blood 

samples were collected from all patients once. Concurrently, 

the score was calculated using the APACHE II scoring 

method, utilizing 12 physiological variables, age, and chronic 

health. 

The electrochemiluminescence immunoassay (ECLIA) 

method (Modular Analytics E170, Roche, America) 

measured total T3, total T4, TSH, and the ECLIA method 

(Elecsys 2010, Roche, America) measured PRL from blood 

samples. 

In the laboratory, the ranges of regular references for 

thyroid hormones and PRL are as follows: TSH (0.3–4.6 

mIU/L), T3 (67–156 ng/ dL), T4 (4.5–11.6 μg/dL), and 

prolactin (0–15 ng/mL males, 0–25 females). Hormone 

results are considered to range from normal to abnormal (high 

or low) for any deviation. 

Statistical analysis 

SPSS software (version 16, Chicago, IL, USA) was used 

to analyze the statistical data. In this study, patients were 

__________ 

divided into two groups: survivors and non-survivors. The 

nominal (percent) and numeric variables were represented as 

the mean and standard deviation. The χ2 test or Fisher’s exact 

test and other quantitative variables were used to compare the 

categorical variables with the student's t-test or Mann-

Whitney U test. All elements with survivors and non-

survivors as the dependent variables were independently 

formed using univariate and multivariate logistic regression 

models. To evaluate the model fit, the present study used the 

Hosmer-Lemeshow goodness-of-fit test. The odds ratio (OR) 

with 95% confidence interval (95% CI) and statistically 

significant p-value of ≤ 0.05 were considered. Lastly, receiver 

operating characteristic (ROC) plots and the univariate 

logistic regression models' predictive power and the selected 

multivariate models were evaluated. ROCs were compared 

according to the area under the curve (AUC).  

 

 

One hundred and forty subjects were studied, of which 109 

(75.85%) were male with a mean age of 34.17 ± 14.01. One 

hundred and eighteen patients were survivors with a mean age 

of 33.29 ±13.76. In contrast, 22 patients with a mean age of 

38.91 ±14.69 were non-survivors. 

Crude odds ratio (95% CI) obtained by analysis of for age 

and sex 1.03 (0.99-1.06) and 0.55 (0.20-1.49) for survivors 

and non-survivors, respectively. The crude odds ratio (95% 

CI) obtained in the analysis of survivors and non-survivors 

groups were significant for APACHE-II and PRL. The P 

values were <0.0001 and 0.006, respectively. (See Table 1) 

According to Table 1, no significant difference was 

observed between the two groups in thyroid hormones (P-

value> 0.05). Therefore, thyroid tests may not be a good 

predictor of mortality in our TICU patients. The mean ± SD 

APACHE II score of the survivors and non-survivors was 

18.59 ± 6.75 and 13.70 ± 5.37, respectively. The median PRL 

levels in the survivors and non-survivors were 441.00 

(285.95-1126.75) and 390.30 (272.42-642.55), respectively. 

 

 RESULTS 

 

Table 1. Characteristics of ICU survivors and non-survivors patients and crud odds ratio 

 
Total 

(n= 140) 

Survivors 

(n= 118) 

non- survivors 

(n=22) 
P value* 

Odds ratio 

(95% Cl) 

Age 34.17 (14.01) 33.29 (13.76) 38.91 (14.69) 0.084 1.03 (0.99-1.06) 

Sex (men) 109 (77.85) 94(79.66) 15(68.18) 0.234 0.55 (0.20-1.49) 

APACHE II score  14.47 (5.86) 13.70 (5.37) 18.59 (6.75) <0.0001 1.15 (1.06-1.26) 

Hospital stay (day) 5 (3-7) 5 (3-7) 5 (3-9) 0.616 1.05 (0.98-1.12) 

Prolactin 407.30 (274.12-680.20) 390.30 (272.42-642.55) 441.00 (285.95-1126.75) 0.006 1.01 (1.00-1.02) 

Hormone levels      

T3 1.00 (0.80-1.50) 1.10 (0.8-1.50) 1.11 (0.77-1.55) 0.904 1.01 (0.38-2.63) 

T4 7.30 (6.10-8.85) 7.30 (6.20-8.92) 7.25 (4.82-8.67) 0.277 0.83 (0.67-1.03) 

TSH 0.90 (0.60-1.37) 0.80 (0.60-1.20) 1.10 (0.57-2.15) 0.153 1.17 (0.98-1.41) 

 Data were presented with mean (SD) for normal variables and median (25th—75th percentile) for non-normal variables, sex were presented with 

frequency (percent). 

 P value for comparing survived and died groups, t-student test was used for continuous variables (Mann-Whitney tests for continuous variables not 

normally distributed) and X2 tests were used for categorical variables. 
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All three models obtained by logistic regression presented 

significant P value (< 0.05); however, model 3 (PRL 

combined with APACHE II score) possessed the lowest Chi-

square for the Hosmer Lemeshow test, as well as the highest 

AUC of the ROC to predict outcomes. (See Table 2) 

The AUC of the ROC of the PRL to predict post-ICU 

mortality was 0.557 (95% CI 1.00 to 1.02, P-value =0.024). 

Moreover, its cut-off point of 1120 had a sensitivity of 95% 

and a specificity of 27% (Figure 1). 

As shown in Figure 2, the model of PRL combined with 

the APACHE II scoring model (OR 1.17, 95% CI 1.06 to 

1.28, P-value =0.001) was the best model to predict post-ICU 

mortality in this research. 

The poisoning type of the studied patients is shown in 

Table 3, the most poisoning included aluminum phosphide 

(ALP) 14.3%, methadone 12.1, and MDT 12.1%, and in 

12.8% of the cases, the cause was unknown. No significant 

differences were observed between prolactin levels and type 

of intoxication. 

 

104 

 

 

As mentioned above, attention to the patients admitted to 

ICU and the prediction of their outcome is particularly 

desirable. The current research findings revealed that 

combining the APACHE II scoring model with the PRL level 

was the best model for predicting mortality. Accordingly, 

PRL levels were statistically higher in non-survivors than 

survivors, and logistic regression analysis was also 

significant. 

Still, thyroid hormones (TSH. T4. T3) did not significantly 

differentiate survivors' non-survivors. According to the 

obtained results, low T3 (100% of patients) was the most 

joint abnormality. However, T4 and TSH levels were normal 

in 91.4% and 85.7% of patients, respectively. In line with the 

literature, thyroid hormone levels endure fluctuation in the 

acute and chronic phases of severe disease (17), which means 

two h after surgery or trauma, a decline in T3 levels and 

fleetingly development in T4 and TSH levels are observed 

_________ 

Table 2. Logistic regression models predicting mortality in the ICU and their Area under ROC curve and Hosmer lemeshow test 

 OR 95% CI P value Area under ROC curve 
Chi-square for Hosmer 

lemeshow test 
Hosmer-Lemeshow  

P value 

Model1       

Prolactin 1.01 1.00-1.02 0.024 0.575 7.05 0.531 

Model2       

APACHE II score 1.15 1.06-1.26 0.001 0.716 10.33 0.242 

Model3       

APACHE II score 1.17 1.06-1.28 0.001 
0.752 3.85 0.87 

Prolactin 1.01 1.00-1.02 0.025 

 

 

 

 

 

 DISCUSSION 

 

 

Figure 1. The area under the ROC curve of the PRL for predicting ICU 

mortality 

 

Table 3. Type of poisoning in studied patients 

Type of poisoning Frequency (%) 

Cardiovascular medicines 3 (2.1%) 

Methanol 4 (2.9%) 

Tramadol 15 (10.7%) 

Methadone 17 (12.1%) 

Toxin 3 (2.1%) 

Anti-Depressant 5 (3.6%) 

Anti-Convulsive 4 (2.9%) 

BZD (Benzodiazepines) 11 (7.9%) 

Opium 14 (10%) 

ALP (Aluminum phosphide) 20 (14.3%) 

Amphetamine 7 (5%) 

CO (Carbon Monoxide) 2 (1.4%) 

MDT 17 (12.1%) 

Unknown 18 (12.8%) 
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(18). At that stage, a reduced peripheral alteration of T4 to T3 

leads to low T3 levels (sick euthyroid syndrome) (19). 

Therefore, TSH and T4 levels often shift to normal, while T3 

levels are low, indicating a self-protective adaptation to 

illness. (15) Kumar et al., in prospective research, including 

100 patients admitted to ICU, T3 in 61%, T4 in 14%, and TSH 

in 7% of patients reported to be low, respectively. (20).  

Also, Kanj et al. studied 70 patients and reported low T3 

concentrations in all patients, low T4 in 22 (31%), and low 

TSH in 2 (2.9%) (21). Moreover, in the present study, no 

thyroid hormone levels appeared as a predictor of ICU 

mortality than Kumar et al., as well as some other studies (21–

24). However, Mazzeo et al. 's study confirmed our findings, 

which reported thyroid axis suppression in 57% of patients 

and no correlation between thyroid hormones and outcomes 

(25). 

Elevated PRL level was detected in all patients studied. 

Among them, there were 118 survivors and 22 non-survivors. 

A positive correlation was perceived between mortality rate 

and PRL level. In our study, PRL, either individually or 

combined with the APACHE II scoring model, was 

significantly identified as a mortality predictor in TICU. It has 

been suggested that a rise in PRL levels is seen in the first 

days after the occurrence of a critical illness (26,27). As 

members of neuroendocrine axes, oxytocin, TRH, and 

vasoactive intestinal peptide (VIP) affect PRL secretion and 

lead to PRL rise in stressful conditions (28). Moreover, PRL 

plays an immunomodulatory role in the physiological and 

pathological conditions by its receptors expressed on B and T 

lymphocytes.  

According to the evidence, throughout the illness phase, 

hyperprolactinemia may contribute to the immune cascade 

(29). This study’s results are consistent with the previous 

studies, indicating hyperprolactinemia in more than 50% of 

patients in the early and acute stage of a critical illness.  

Olivecrona et al., in a prospective study of 45 patients, 

reported elevated levels of serum PRL in 48.3% of the men 

and 66.7% of the women at day one after traumatic brain 

injury and inconsistently. Thus, they found no significant 

difference between deceased/alive individuals in terms of the 

PRL levels (30).  

Mazzeo et al. evaluated 113 patients with different critical 

illnesses, including Acute Respiratory Distress Syndrome 

(ARDS), severe Traumatic Brain Injury (TBI), Subarachnoid 

Hemorrhage (SAH), and patients with neurological disease at 

the time of Brain Death (BD). PRL levels were significantly 

increased by 67% of ARDS patients. Thyroid axis 

suppression has been shown to be the most common change. 

In contrast, the strongest mortality predictor was activating 

the hypothalamic-pituitary-adrenal axis independent of the 

underlying medical condition  (25).  

Research on ICU patients at Loghman Hakim Hospital 

during 2013-2014 showed assessing the predictive power of 

cortisol and thyroid hormones. Two hundred patients were 

evaluated for thyroid hormone levels, cortisol, type of 

poisoning, clinical signs and symptoms, and other factors. 

The most common cause of poisoning was reported opioids 

(39%). The relationship between thyroid hormones and 

cortisol and patients' blood pressure was measured, but no 

_________ 

significant difference was found. Examination of these 

factors in patients poisoned with aluminum phosphide 

showed that cortisol was significantly higher in this group. 

Finally, it was reported that among the elements, cortisol is 

the better predictor factor (31). the current study focused on 

prolactin and thyroid hormones. Thyroid hormones data in 

our study were close to the previous research, and we also 

found that these hormones are not a good factor in predicting 

mortality in patients. 

The study's findings also revealed that the APACHE II 

scoring model's discriminatory ability to predict mortality is 

significantly better than the PRL level. (0.716 [95% CI 1.06 

to 1.26] versus 0.575 [95% CI 1.00 to 1.02], P-value =0.001). 

In line with the present study, previous reports revealed that 

the admission APACHE II score was related to ICU 

readmission and post-ICU mortality (32–34). 

 

 

The obtained data confirm that previous studies indicated 

a high incidence of thyroid and PRL hormone changes in 

critically ICU patients. It can be concluded that the presence 

of PRL, and the APACHE II scoring model, can precisely 

lead us to predict poisoning outcomes in hospitalized patients. 

Thyroid tests and PRL alone did not have a predictive role in 

our poisoned patients' outcome, contrary to previous studies 

performed on ICU patients admitted for any reason except 

poisoning. This could probably be due to the nature of their 

illness in the chronic phase; however, our patients were in an 

acute phase of poisoning. 
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