




















































































43 
 

ventilation. Both recovered to discharge despite consistent hypocortisolaemia for the duration of 

the study period. 

 

A boxplot is presented below to demonstrate the higher admission serum concentrations with a 

wide range, in comparison to the 12-, 24-, and 36-hour time points.  

 

 

 
Figure 5: A clustered boxplot of serum cortisol concentration in nmol/L at admission, and at 12, 24 and 36 hours post 
envenomation. The line in the middle of the box represents the median, with the box itself representing the interquartile range(IQR). 
The whiskers extend to the upper and lower fence values.The dots represent outliers that fall outside 1.5 times the IQR.  
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4.3.4 C-Reactive Protein 

 

Although CRP formed part of the secondary hypotheses of this study, correlations with endocrine 

variables were performed to gain insight into the endocrine pathophysiology of Puffadder and 

snouted cobra envenomation. The reporting will be minimal in this dissertation, but previous 

publications on the dataset can be consulted for in-depth analysis(16, 19, 44, 45). The basic results 

are thus presented for contextualization of above endocrine findings. The descriptive statistics for 

serum CRP concentration are presented in table 6. The results of interpretive statistics will be 

presented thereafter.  
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Table 6: Descriptive statistics of serum CRP concentrations over time. Median, lower quartile(Q1), and upper quartile(Q3) values 
are given in mg/L. One asterisk (*) indicates a significant difference in comparison to control dogs at a significance level of 
P<0.05. Two asterisks (**) indicate a significant difference in comparison to control dogs at a significance level of P<0.01. 
“Cases” represent the combined puffadder and snouted cobra envenomation groups. 

 

Time since envenomation 

Admission 12h post 
envenomation 

24h post 
envenomation 

36h post 
envenomation 

CRP (mg/L) CRP (mg/L) CRP (mg/L) CRP (mg/L) 
Median (Q1 - Q3) Median (Q1 - Q3) Median (Q1 - Q3) Median (Q1 - Q3) 

Group 

Cases 
(n=17) 5.10 (5.10 - 8.93) 64.68** (57.86 - 

90.18) 
61.73** (51.58 - 
77.94) 

56.67* (5.10 - 
61.24) 

Controls 
(n=13) 5.10 (5.10 - 5.10) - - - 

Puffadder 
(n=8) 

264.5 (173.0 - 
338.0) 

114.5** (68.0 - 
184.0) 

128.5** (88.3 - 
188.5) 

80.3* (63.7 - 
134.0) 

Snouted 
Cobra (n=9) 

163.0 (136.0 - 
483.0) 

87.6** (30.9 - 
191.0) 

69.8** (46.9 - 
117.0) 

133.0* (38.4 - 
372.0) 

Neurological 
Snouted 
Cobra (n=5) 

5.10 (5.10 - 5.10) 62.98 (55.32 - 
80.07) 

93.27 (77.94 - 
115.03) 

5.10 (5.10 - 
60.96) 

Non-
Neurological 
Snouted 
Cobra (n=4) 

- 62.68 (43.09 - 
114.51) 

60.99 (31.08 - 
70.97) 

35.09 (6.88 - 
81.06) 
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The CRP of the combined case population was significantly higher than that of the control 

population at 12- (P<0.001), 24- (P<0.001), and 36 (P<0.01) hours post-envenomation. The 

neurological cobra subgroup showed the highest peak in CRP serum concentrations at 24 hours 

post-envenomation, which was significantly higher than the puffadder (P<0.001) and non-

neurological cobra(P<0.01) groups at that time point. The puffadder and neurological cobra 

subgroup median serum CRP concentrations were also significantly higher than controls at 12- 

(P<0.01), 24- (P<0.001), and 36- (P<0.05) hours post-envenomation. The non-neurological cobra 

subgroup was only significantly higher than controls at 12- (P<0.05) and 24- (P<0.001) hours post 

envenomation. The puffadder and neurological cobra subgroups showed a significant increase 

between admission and 12- (P<0.001), as well as 24 (P<0.001) hours post-envenomation. A 

sharper decrease was seen between the 12- and 36-hour time points (P<0.05) in both cobra 

subgroups.  

 

 
Figure 6: Clustered boxplot of serum CRP concentration (in mg/L) at admission, and at 12, 24 and 36 hours post envenomation. 
The line in the middle of the box represents the median, with the box itself representing the interquartile range(IQR). The whiskers 
extend to the upper and lower fence values.The dots represent outliers that fall outside 1.5 times the IQR. 
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4.3.5 Correlations 
A weak significant negative correlation was found between serum TT4 and CRP concentrations 

(P<0.05). The Spearman’s rho value was calculated as -0.326 for this correlation (P<0.05), 

classifying it as a weak correlation. The serum cortisol and CRP concentrations were also weakly 

correlated (Spearman’s rho= -0.211), but this correlation failed to reach significance.  

The correlations between other variables, TSH and CRP, cortisol and TT4 and even TT4 and TSH 

also failed to reach significance.  
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Chapter 5: Discussion 
This study presents the first description of the longitudinal changes in serum TT4, TSH, and 

cortisol concentrations in response to canine Puffadder and snouted cobra envenomation. A 

significant suppression of serum TT4 concentrations were observed at all time points in the study 

population. Additionally, the association of TT4 suppression and degree of systemic inflammation 

as represented by serum CRP concentrations has not previously been demonstrated in dogs.  

 

The longitudinal changes seen in Puffadder and snouted cobra envenomation are rapid, reflecting 

a more toxic nature (87) in contrast to most longitudinal endocrine studies that have been 

performed on infectious disease models (95, 99, 110, 130).  This comparative model emphasises 

the scarcity of longitudinal data in critical illness endocrinology, which likely contributes to the 

incomplete and contrived understanding thereof in the literature.  

 

5.1 TT4 and TSH 

Serum TT4 concentration changes induced by Puffadder and snouted cobra were characterised by 

a significant suppression in comparison to control dogs at every time point, from admission to 36 

hours post-envenomation. This demonstrates a longer lasting suppression than what has been 

reported for experimental endotoxin(87). The significant suppression seen in the combined case 

population was repeated in the puffadder subgroup at every time point, and in the neurological 

cobra subgroup from 12- to 36 hours post envenomation. The non-neurological cobra subgroup 

deviated from this pattern, with an early normalisation of serum TT4 concentrations between 12- 

and 24-hours post-envenomation. In this non-neurological group as a lower severity subgroup, the 

early recovery from NTIS might indicate that sustained serum TT4 suppression is associated with 

severity of the underlying condition.  

In a dog bite study the onset of serum TT4 concentration  suppression was similar to this study 

with a nadir at 16 hours, but the suppression was sustained - only reaching normal reference 

interval by 72 hours (92). Due to the limited duration of the current study, the timing of TT4 

normalisation could not be evaluated. Another study on diverse mild nonthyroidal illness reported 

the lowest TT4 concentrations at admission, but in that study the time since onset of disease could 

not be standardised (88). In experimental babesiosis the first significant decrease compared to 

controls was only seen at 72 hours post infection, which lasted until 192 hours post infection (95). 
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Although this infectious disease model seems to have a later nadir in TT4 concentrations, the time 

taken for parasitaemia to develop after experimental inoculation must be factored in, which 

complicates comparison to Puffadder and snouted cobra envenomation. In our study, the serum 

TT4 concentration suppression preceded the first spike in serum CRP concentration, with the TT4 

already demonstrating significant suppression in comparison to control dogs at admission, and the 

CRP only increasing significantly at 12 hours post-envenomation. 

A weak significant negative correlation between serum TT4 concentration and systemic 

inflammation was demonstrated in the current study. Another longitudinal study on parvoviral 

enteritis found an negative correlation between serum TT4 concentration and the presence of SIRS, 

regardless of the day of hospitalisation (86). SIRS serves as a less specific, but more sensitive 

barometer of systemic inflammation, which thus concurs with the current findings. This negative 

correlation between serum TT4 and CRP concentrations is a significant finding that provides 

insight into the pathophysiology of NTIS, since the development and progression of NTIS, as 

demonstrated in this study, is correlated to the degree or severity of host inflammatory response. 

The relative inflammatory nature of envenomation has been established in murine studies (34). It 

has also been established in experimental studies that inflammation is a key element in the 

pathogenesis if NTIS (68, 131-133). Several studies on NTIS have found both inflammatory 

markers and NTIS to be associated with severity in septic patients (134-136). In human patients 

with systemic lupus erythematosus the development of NTIS has been associated with 

inflammatory activation (137). In geriatric human patients with pneumonia serum CRP 

concentration was found to be significantly higher in patients with NTIS (138). One paediatric 

study reported a significant negative correlation between free triiodothyronine and CRP (139). 

Puffadder envenomations are known for a greater degree of inflammatory activation (5, 16, 24). 

In this study, however, the increase in serum CRP concentration, as well as the decrease in serum 

TT4 concentration were more pronounced in the neurological cobra subgroup, considered a 

clinically severe subgroup. Similar patterns are seen in other studies, where sustained suppression 

of serum TT4 concentration seems to be present in populations with more severe disease. In 

parvoviral enteritis, serum TT4 concentrations in the survivors started increasing earlier, with non-

survivors showing a continued decreasing trend (99).  

In addition to the above discussion on the marked suppression of serum TT4 concentration in dogs 

with Puffadder and snouted cobra envenomation, much is to be said for the TT4-TSH dissociation. 
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No significant suppression of serum TSH concentration was found in this study, either in 

comparison to controls or to admission serum concentrations. Although serum TSH concentrations 

are more likely to remain within normal limits regardless of the severity of disease (83), the 

underlying pathophysiology remains to be explored in the veterinary field. A recent study of NTIS 

in parvoviral enteritis demonstrated a similar dissociation, when the association of TSH with SIRS 

failed in spite of SIRS being associated with serum TT4 concentration  (130). NTIS is widely 

defined as a decrease in free serum thyroid hormones in absence of a corresponding increase in 

TSH (140, 141). While some studies demonstrated a suppression in TSH after interleukin injection 

(141-143). It is rather in the recovery of NTIS that TSH plays an instrumental role, where TSH 

elevation usually precedes serum TT4 concentration elevation (141). It is possible that this study 

lacks either the size to detect the significance of the increase in neurological subgroup serum TT4 

concentration between 12 and 24 hours post envenomation, or that this study’s duration was not 

long enough to detect a recovery from NTIS that takes place later than 36 hours post envenomation. 

In canine bite wounds, TSH serum concentrations remained within the reference interval 

throughout the study period until 56 hours post bite, whereafter an increase in TSH, that was 

significantly higher than admission serum concentrations, was observed (92). It is also possible 

that Puffadder and snouted cobra envenomation does not cause significant TSH alterations.  NTIS 

is thought to consist of both central and peripheral alterations in the thyroid axis. This often 

includes peripheral adaptations such as receptor expression, deiodinase activity, hormone binding, 

and differential changes in tissue concentrations (68, 144, 145).  
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5.2 Cortisol  

 

Only the neurological cobra subgroup at admission showed significant elevation in serum cortisol 

concentration at admission when compared to the control populations. The highest serum cortisol 

concentrations in all groups were observed at admission, with concentrations at consecutive time 

points being significantly lower than admission in the puffadder and neurological cobra subgroups. 

Although admission was limited to within 6 hours of envenomation, it is possible that the peak 

took place within 6 hours, and that this study lacked the temporal sensitivity to detect it. The 

median total serum cortisol concentration in this study at the highest point was 483 nmol/L in the 

neurological cobra subgroup, and 264.5 nmol/L in puffadder group. Dogs with bite wounds, 

experimental babesiosis, and sepsis induced by Staphylococcus pneumoniae had peak median 

serum cortisol  concentrations of 314.6 nmol/L, 315 nmol/L, and >400 nmol/L respectively (92, 

95, 110).  Hypercortisolaemia is a consistent finding during the acute phase of other models of 

acute critical illness, that is proportional to severity (82, 95, 99, 110, 111, 113-115). The 

neurological cobra subgroup, with the highest median serum cortisol concentration, also had the 

highest peak in serum CRP concentration, which might serve as barometer for severity, even in 

the absence of a significant correlation between CRP and cortisol. Anecdotally, the patient with 

the highest sustained serum cortisol concentration (579 nmol/L), also had the highest CRP 

concentration at time point 36 hours (197.3 mg/L), and the lowest TT4 concentration (below the 

minimum limit of detection). In the experimental babesiosis study, the single mortality also had 

the highest serum cortisol  concentration of 610 nmol/L (95). Although this case is an interesting 

example, this study had insufficient power to correlate endocrine variables with mortality or 

systemic inflammation. The HPA response observed in our study was also very acute, in 

comparison to experimental babesiosis where the peak occurred at 96 hours post infection (95),or 

Staphylococcus aureus pneumonia, where peak concentrations were reached at 24 hours post 

pulmonary challenge(110). As previously mentioned, the time taken for the development of 

parasitaemia is a significant confounder, which complicates such comparisons. In the study on dog 

bite wounds, the highest serum cortisol  concentrations were also observed at admission (92). The 

longitudinal similarity between Puffadder and snouted cobra envenomation and traumatic bite 

wounds may group Puffadder and snouted cobra envenomation as a traumatic, potentially painful, 

acute phase response. This unique intersection of elevated yet rapidly normalising total serum 
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cortisol concentrations in neurological snake-envenomed dogs makes for an interesting endocrine 

model of peracute critical illness. 

 

It must also be kept in mind that only total serum cortisol concentration was measured, and that 

alterations in cortisol binding, receptor activity, and metabolism, as demonstrated in human critical 

illness(104), might go undetected.  

 

In humans, hypopituitarism is a rare yet established complication of snake, especially viperid, 

envenomations(9). Two neurological snakebite cases in the database this study was based on 

showed persistent hypocortisolaemia at every time point. Etomidate, an unrelated sedative-

hypnotic with its concomitant risk of iatrogenic cortisol and aldosterone suppression (146-148) 

was not used. General anaesthesia was administered for intubation using propofol, but the other 

ventilated patients (n=3) had total serum cortisol concentrations that were comparable to the group 

median of the study population. Both these hypocortisolaemic patients survived to discharge and 

failed to show overt hypoglycaemia or hypotension. In order to more thoroughly investigate these 

cases the delta cortisol, and thus exogenous ACTH stimulation, should have been performed to 

rule out CIRCI(149). If CIRCI was indeed diagnosed in such cases, response to corticosteroid 

supplementation could have been evaluated. Given the fact that both animals survived and showed 

a comparable clinical picture to the broader case population, it would have been difficult to 

evaluate the survival benefit of such supplementation. Since the endocrine parameters were 

batched and assessed after completion of the study, responsiveness of this case to glucocorticoid 

supplementation could not be assessed, and further research is warranted to investigate the clinical 

management of such hypocortisolaemic cases. 

 

5.3 CRP findings 
As a positive acute phase protein, the serum CRP concentration changes over time act as indicator 

of inflammation. Systemic inflammation has been defined in terms of serum CRP concentrations, 

with a threshold of 35 mg/L(150). Although CRP was not the main aim of the study, the most 

important finding was that an inverse correlation between serum CRP and TT4 concentrations, 

elucidating an underlying inflammatory component in the suppression of serum TT4 
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concentrations seen in critical illness. The differing patterns in serum CRP concentration between 

puffadder and cobra subgroups also provided insight into their corresponding TT4 oscillations, as 

discussed above.  

 

5.5 Correlation of variables  
A clear, yet weak, negative correlation was observed between serum CRP and TT4 concentrations. 

This correlates with the group differences seen above, where puffadder envenomations induced a 

suppression of serum TT4 concentration that outlasted the suppression induced by cobra 

envenomation. The relative inflammatory nature of envenomation has been established in murine 

studies (34). Puffadder envenomations, as discussed in the literature review, are known for a 

greater degree of inflammatory activation(5, 16, 24). This correlation of serum CRP concentration 

as barometer of systemic inflammation, and TT4 concentrations thus imply an inflammatory 

component in the development of NTIS. It is established in experimental studies that inflammation 

is a key element in the pathogenesis if NTIS(68, 131-133). Several studies on NTIS have found 

both inflammatory markers and NTIS to be associated with severity in septic patients(134-136). 

In human patients with systemic lupus erythematosus the development of NTIS has been 

associated with inflammatory activation (137). In geriatric human patients with pneumonia serum 

CRP concentration was found to be significantly higher in patients with NTIS (P<0.05)(138). One 

paediatric study found a significant negative correlation between free triiodothyronine and CRP 

serum concentrations (139), and another found a clear correlation of both values with 

mortality(151). This study thus aligns the findings in dogs with the sparse research available in 

human NTIS and provides insight into the inflammatory nature of the endocrine changes 

associated with critical illness.  

In the correlation of total serum cortisol  and serum TT4 concentrations, the Spearman’s rho only 

reached -0.19(P >0.05), This is contrasted with another study on dogs with systemic inflammatory 

response syndrome, where CRP serum concentrations and critical illness related corticosteroid 

insufficiency were found to be significantly correlated(114). Serum TT4 and TSH concentrations 

were also not shown to be significantly correlated, with a Spearman’s rho of 0.042.  although an 

established inverse correlation between these variables are to be expected in endocrinopathies(152, 
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153). This highlights the need for larger studies on these correlations, due to the high possibility 

of type II error. Interpreted in the context of greater total serum cortisol elevation in the puffadder 

group, it is to be expected that the serum cortisol concentration elevations should have similar 

correlation patterns to serum TT4 concentration changes.  

 

5.6 Limitations  

There were several limitations in the current study, mostly owed to its clinical, non-experimental 

nature. The population size of the study is thought to be the most significant limitation. Especially 

in studies where the differences in effect are expected to be small, a larger sample size is necessary 

to detect it (154). The study was also limited by owner finances and consent that limited the 

standardisation of the treatment protocol. The control groups of the study were also limited in their 

health status, as ideally one would not only be able to compare snake envenomed animals to 

healthy controls, but also to sick controls with an unrelated illness. In that way, the homogeneity 

of the endocrine response to illness in general could be contrasted with disease-specific changes 

in Puffadder and snouted cobra envenomation. Control groups were also limited in comparison to 

more objective and robust reference intervals, but control groups allowed for interpretive statistics 

to be performed, for example correlations between endocrine concentrations and CRP within the 

control population.  

 

The age of the data is a significant limitation. However, there are no other studies available on the 

changes in serum cortisol, TT4 and TSH concentrations in snake envenomation, and the decreased 

incidence of snake envenomation in recent years, owing to urbanisation, would hinder the 

emulation of such a dataset. Moreover, Immulite 1000 assay used in this study shows very good 

correlation with the newer Immulite 2000 chemiluminescent assays. Being a post-facto analysis 

of prospectively collected data, most constraints of the age of the data could be mitigated. Inclusion 

criteria and standardised protocols were part of the original study design, which prevented major 

confounders in endocrine analysis. The minimum limit of detection on the TT4, although lower 

than more modern assays, still resulted in many patients having serum TT4 concentrations below 

the lower limit of detection.  The second generation TSH assay used is known to lack the sensitivity 
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required to detect fine oscillations in the HPT during critical illness. In humans, it is recommended 

that TSH assays use in critical illness should have a detectable limit of 0.01 mU/L (141).  

 

Another significant limitation that is especially relevant in such longitudinal studies is the variable 

time periods that lapsed between envenomation and presentation. The median interval between 

envenomation and presentation in the puffadder and cobra group was 1.5 (1-2) and 3 (1-4.5) hours 

respectively. After admission, all time points were calculated from the time of observed 

envenomation, and not from admission. This enabled the variance to be limited to the first time 

point and not repeated at and between time points 12-, 24-, and 36-hours post envenomation.  

 

Missing data was also a limitation present in this study due to its clinical nature. Mortalities earlier 

in the study resulted in missing data at the later time point, and CRP values were missing for many 

individuals at the first time point. Statistical methods that are proven robust in clinical settings 

with missing data was used to minimize the impact of missing datapoints on the dataset in general.  

 

The relatively short duration of the study period limited the longitudinal insight to be gained, since 

the normalisation of TT4 could not be observed, or the timing thereof compared with other 

longitudinal studies. A longer study period may have provided more insight into the longitudinal 

endocrine changes associated with Puffadder and snouted cobra envenomation in dogs.  
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Chapter 6: Conclusion 
Puffadder (Bitis arietans) and snouted cobra (Naja annulifera) envenomations cause significant 

endocrine disturbances in dogs. Furthermore, the most severe perturbations in both the HPA and 

the HPT axes were seen in a subgroup of snouted cobra envenomed dogs showing neurological 

signs. Significant suppression of serum TT4 concentrations, proportional to serum CRP 

concentration elevations, were observed in the combined study population at every time point. 

Non-neurological cobra envenomed dogs reached a milder and earlier TT4 nadir at 12 hours post-

envenomation and recovered by 24 hours post-envenomation. A complete lack of significance was 

seen in TSH changes over time, which is discordant with the more defined serum TT4 

concentration pattern observed. Only the neurological cobra subgroup at admission showed a 

significant hypercortisolaemia when compared to controls.  

Clinical implications, although not the main aim of the current study, include the prevalence of 

isolated hypocortisolaemic dogs envenomed by snouted cobras. Clinicians might consider testing 

HPA parameters in neurological snouted cobra-envenomed patients to screen for 

hypocortisolaemia, although the supplementation of corticosteroids in cases of hypocortisolaemia 

would be controversial. Another definitive clinical implication of this study would be the 

ubiquitous presence of NTIS in snake envenomation, which should prevent the clinician from 

making diagnoses of thyroid disorders in these dogs. 

Puffadder and snouted cobra envenomation has been characterised as a model of peracute critical 

illness characterised by distinct suppression in serum TT4 concentration , proportional to the 

degree of systemic inflammatory activation that could contribute to the broader understanding of 

endocrine allostasis in critical illness. 

Future studies on the endocrine changes associated with snake envenomation would benefit from 

interventional experimental designs, that would not only allow dynamic testing of HPA status, but 

also evaluation of response to treatment in hypocortisolaemic animals. Larger studies performed 

over a longer period would also be able to gain valuable longitudinal insight into the recovery of 

snake envenomed dogs from the perturbations described in the current study. Similar to findings 

in humans, snake envenomations make promising models for endocrine research, not only in the 
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unique manifestations in minority patient groups, but also in the contribution to the broader 

understanding of critical illness endocrinology.   
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Annexures 

Annexure A: Ethics Approval 
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Annexure B: Client consent forms  

Client consent forms, as reported in (44)
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Annexure C: Examination recording sheets 
Examination Finding recording sheets, as reported in (44). 
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Annexure D: Treatment Protocol 

Standardised Treatment Protocol for snake-envenomed dogs, based on a review article by 

Leisewitz et. al.(13). As described in (44) 
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Annexure E: Complete Dataset  
Complete Dataset used for the current study:  

Time  Case Number CRP (mg/L) TT4 (nmol/L) TSH (ng/mL) Cortisol(nmol/L) 

0 1 5.1 25 0.137 193 

0 5 13.29 6.4 2.16 262 

0 6 5.1 32.7 0.049 267 

0 9 5.1 16.7 0.216 153 

0 10 5.1 23.8 0.228 315 

0 15   6.4 0.11 555 

0 16 50.64 22.7 0.066 90.2 

0 17 12.75 17.9 0.105 361 

0 18 5.1  14.2  0.03 28 

0 2 5.1 7.1 0.092 549 

0 7   20.8 0.435 30.6 

0 8 5.1 15.2 0.332 153 

0 11 5.1 16.1 0.062 1380 

0 12   22.9 0.065 136 

0 13 5.1 25.2 0.049 483 

0 14   30 0.156 157 
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0 20   20.8 0.339 328 

0 21   6.8 0.153 169 

12 1 64.09 6.4 0.049 102 

12 5 5.1 6.4 1.66 249 

12 6 89.64 28.2 0.03 49.1 

12 9 113.7 21.2 0.167 51.3 

12 10 117.65 23 0.155 164 

12 15 86.07 6.4 0.064 204 

12 16 59.19 15.4 0.092 84.7 

12 17 60.59 6.4 0.046 127 

12 2 69.43 7.1 0.043 472 

12 7 90.71 6.4 0.088 28 

12 8 56.53 19.7 0.676 30.9 

12 11   6.4 0.069 191 

12 12 163.75 11.4 0.148 114 

12 13 54.11 6.4 0.03 206 

12 14 26.08 25.1 0.05 34.2 

12 20 60.09 17.8 0.22 61.2 

12 21 65.27 7.39 0.194 117 
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24 1 57.53 6.4 0.101 193 

24 5 5.1 6.4 1.41 568 

24 6 57.08 20.2 0.038 136 

24 9 54.96 11.9 0.191 59.6 

24 10 49.56 12.3 0.104 117 

24 15 65.93 6.4 0.104 121 

24 16 33.43 17 0.077 42.2 

24 17 84 6.4 0.037 197 

24 2   6.4 0.039 469 

24 7 108.19 6.4 0.273 28 

24 8 78.34 20.2 0.333 66.8 

24 11 121.86 6.4 0.122 552 

24 12 68.38 18.5 0.077 105 

24 13 77.53 14.5 0.212 117 

24 14 8.56 34.1 0.051 46.9 

24 20 53.6 24.6 0.245 72.8 

24 21 73.55 11.1 0.151 54.4 

36 1 76.54 12.3 0.081 80.3 

36 5 5.1 6.4 1.22 134 
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36 6 58.36 20.1 0.057 153 

36 9 55.16 10.3 0.211 85.8 

36 10 45.92 12.8 0.171 28 

36 15 60.25 6.4 0.126 63.7 

36 16 58.17 10 0.059 67.3 

36 7 60.96 6.4 0.293 28 

36 8 5.1 16.6 0.33 58.2 

36 11 197.3 6.4 0.03 579 

36 12 100.6 10 0.062 135 

36 13 5.1 15.6 0.103 38.4 

36 14 8.65 32.8 0.113 131 

36 20 5.1 28.4 0.208 372 

36 21 61.52 14.9 0.122 162 

 

Control Dataset  

Time  Case Number TT4 TSH Cortisol 

Control 300 17.9 0.458 325 

Control 600 31.5 0.123 153 

Control 700 18.4 0.245 188 
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Control 800 25.2 0.318 95.7 

Control 900 33.5 0.178 46.9 

Control 1400 19.9 0.24 306 

Control 1500 28.4 0.116 49.7 

Control 1900 22.7 0.138 178 

Control 2000 39.5 0.081 57.7 

Control 2100 40.4 0.044 25 

Control 2200 24.5 0.108 133 

Control 2300 19.2 0.318 137 
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