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Abstract:

Background: Adrenal gland dysfunction has been reported as the most common and most serious endocrine
disorder affecting HIV/AIDS patients.The non-specific presentation and associated high morbidity and mortality
of adrenal dysfunction renders its assessment highly imperative. Salivary cortisol measurement is non-invasive,
highly sensitive and specific for the diagnosis of adreno-cortical disorders.

Obijective: To evaluate adreno-cortical function of HIV/AIDS patients using salivary cortisol.

Materials And Methods: A cross sectional study in which eighty HIV positivepatients on Highly Active Anti-
Retroviral Therapy (HAART) (group 1), eighty HAART naive HIV positive patients (group 11) and eighty HIV
negative controls (group 1) were recruited. Baseline morning saliva samples were collected from all the
subjects and analysed for cortisol using Elisa kits sourced from Salimetrics Europe Limited. A short synacthen
test was conducted on subjects with low baseline salivary cortisol and a late night salivary cortisol (LNSC)
measurement was performed on subjects with high baseline salivary cortisol.

Results: A statistically significant difference (P<0.005) in the median salivary cortisol levels was observed
between the study groups: group I11 > group | > group Il (14.10 > 6.30 > 1.75).

The total prevalence of adreno-cortical dysfunction in all the study subjects was 13.8%. The HAART-treated
patients had higher prevalence (17.5%) than the HAART naive patients (10.0%). The prevalence of adreno-
cortical hypofunction was higher than hyperfunction (8.1% and 5.6% respectively) among all the HIV positive
patients.

Conclusion: HIV infection and HAART were associated with adreno-cortical dysfunction and salivary cortisol
measurement is useful in diagnosis.
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. Introduction

Adrenal dysfunction is the most common and most serious endocrine disorder affecting HIV/AIDS
patients.? However, a high index of suspicion is required to make the diagnosis because of its nonspecific
presentation, for this reason it is often underdiagnosed due to limitations of the screening tests that are currently
in use.®**® Furthermore, there is paucity of local data on adrenal function in HIV patients in Nigeria, a country
with a high burden of the disease. Salivary cortisol measurement offers greater advantage over serum cortisol
because i[EO]is noninvasive, accurate, reliable, highly specific and sensitive for the evaluation of adrenocortical
function.

Il. Materials And Methods

This research work was a cross sectional study conducted between September, 2014 and February,
2015 in the Department of Chemical Pathology and Immunology, of a tertiary hospital in Nigeria.Two hundred
and forty subjects were recruited for the study. They were made up of eighty type-1 HIV positive patients on
HAART (group 1), eighty HAART naive type-1 HIV positive patients (group Il) and eighty HIV negative
apparently healthy volunteers as controls (group I11). The HIV positive patients were attending the HIV clinic of
the tertiary hospital, while the HIV sero-negative controls were apparently healthy individuals that presented to
the blood donor clinic of the tertiary hospital for blood donation and mothers who were six weeks post-delivery
that presented to the vaccination centre in the tertiary hospital for vaccination of their children.

Excluded from the study in order to reduce bias were subjects with morbid obesity, history of chronic
alcohol use, history of chronic anxiety or depressive disorders, recent pregnancy, history of diabetes mellitus,
history of prolonged steroid use, history of previous or current diagnosis of tuberculosis, history of previous or
current diagnosis of fungal infection, history of oral disease or injury and history of previous diagnosis of
hypercortisolism or hypocortisolism. The above information regarding the exclusion criteria were obtained from
the study subjects during an interactive session prior to data collection and the information were subsequently
confirmed from their case notes. Ethical approval to carry out this study was obtained from the Ethical Research
Committee of the tertiary hospital. Informed and written consent were sought and obtained from each study
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subject before the commencement of the study. Information on biodatawere obtained from the subjects with the
aid of structured pre-tested questionnaire. Saliva samples were collected after appropriate counselling at 8:00 am
for the measurement of baseline morning salivary cortisol. Subjects were told to thoroughly rinse their mouth
with water about ten minutes Prior to sample collection. This is because presence of food particles in the mouth
can interfere with the assay.*Y Collection of sample was done by tilting the head of the subject forward,
allowing saliva to pool on the floor of the mouth. Salimetrics oral swab was then placed under the tongue for
about two to three minutes to ensure that it is soaked, after which it was removed and inserted into Salimetrics
swab storage tube with the time and date of sample collection appropriately recorded.

Samples were then kept at 2° - 6°C after collection in order to avoid bacterial growth, and were later
stored at -20°C until analysis. On the day of analysis, samples were thawed and centrifuged at a relative
centrifugal force (RCF) of 1500 X g, at 3000 revolution per minute using a centrifuge for 15 minutes. The
saliva samples were then analysed for basal cortisol using Elisa kits sourced from Salimetrics Europe Limited.
Each of the subject’s basal salivary cortisol status was categorized into either low, high or normal salivary
cortisol. Thereafter, subjects with low basal salivary cortisol results ( < 2.6 nmol/l) were subjected to a standard
dose (250 microgram) Synacthen stimulation test which adequately stimulates the adrenal glands,"? in order to
confirm adreno-cortical hypofunction while those with high basal salivary cortisol results (> 43.0 nmol/l) were
subjected to late night salivary cortisol (LNSC) testing in order to establish adreno-cortical hyperfunction. Loss
of circadian rhythm and absence of late night nadir is the earliest biochemical abnormality seen in patients with
hypercortisolism and this forms the basis for LNSC measurement.!*®!

The following outcome measures were used.!!
Salivary cortisol reference range: (8:00 am)

2.6 - 43 nmol/l

Late Night Salivary Cortisol (11:00 pm)

0.2 — 3.1 nmol/l (Normal individuals)

3.2 — 82nmol/l (Patients with Cushing’s syndrome).

As for the subjects that required Synacthen stimulation test, saliva samples were collected for baseline
salivary cortisol assay at 8:00 am, thenSynacthen 250 microgram was given by intramuscular (1M)
injection.Saliva samples were then collected for cortisol assay at 30 minutes and 60 minutes post IM
Synactheninjection.Salivary cortisol concentration should increase from the baseline value to at least 20 nmol/I
for a normal response. All data collected were entered into excel spread sheets. This was subsequently cleaned
by filtering and sorting. The cleaned data was exported into Statistical Package for the Social Science (SPSS)
version 16.0 for analysis. Mean and Standard Deviation (SD) were used to summarize quantitative data while
proportions and percentages were used for qualitative data. Statistical analysis to compare qualitative variables
was done using chi square test, while analysis of quantitative variables was done using student t-test.
Nonparametric data was analyzed using nonparametric statistics (Kruskal-Wallis test). In all the analysis, 5%
alpha level of significance which corresponds to 0.05 was considered as statistically significant.

I11. Results

All recruited subjects completed the study with female preponderance over the males. The mean age of
all study subjects was 35.9 + 9.9 years. The HAART treated patients were slightly older with a higher mean age
of 35.00 + 9.0 years compared to the HAART naive patients and the Controls who had mean age of 34.4 £ 10.1
years and 33.0 + 9.3 years respectively (Table I). The age group with the highest number of subjects in the three
study groups was between 25-29 years. (figurel). There was a statistically significant difference in the median
basal salivary cortisol of the three groups (p < 0.005), with a median basal salivary cortisol of 6.30 nmol/L for
group |, 1.75 nmol/L for group Il and 14.10 nmol/L for group Il respectively (Table I1).

Table 111 shows the distribution of baseline SC status of the study subjects. There were more subjects
with abnormal levels of basal SC in group | than group Il. All subjects in group Ill had normal basal cortisol
levels (figure 2). Table 111 shows response of SC to short synacthen test. The baseline SC level and 30 minute
post synacthen test SC increments were lower in group | than in group Il but the difference was not statistically
significant. However, the difference in SC response to synacthen at 60 minutes was statistically significant
between the two groups (p < 0.005). Table 1V shows the mean LNSC concentrations of study subjects with high
basal SC. Group | subjects had higher mean LNSC concentrations than group Il subjects. However, the
difference in mean concentration of LNSC among the two groups was not statistically significant Table V shows
that the prevalence of adreno-cortical hypofunction was higher among group | subjects (11.3%) than group Il
subjects (5.0%). However, the overall prevalence of adreno-cortical hypofunction was 8.1%.

The prevalence of adreno-cortical hyperfunction was also higher among group | subjects (6.3%) than group Il
subjects (5.0%), while the combined prevalence of adreno-cortical hyperfunction observed in all study subjects
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was 5.6%. (Table VI). Adreno-cortical hypofunction was found to be the most prevalent adrenocortical
dysfunction (prevalence of 8.1%) among the study subjects and the prevalence is higher among group | subjects
(11.3%) than group Il subjects (5.0%).The prevalence of adreno-cortical hyperfunction was also observed to be
higher in group 1 (6.3%) than in group 11 (5.0%). (Figure 2).

IV. Discussion

This work was conducted to determine the magnitude of adrenocortical dysfunction in HIV/AIDS
patients. This has become necessary because adrenal gland dysfunction was reported to be the most common
and most serious endocrine disorder affecting HIV/AIDS patients,'” and the disorder has an associated high
morbidity and mortality.™ A high index of suspicion is required to make the diagnosis as a result of its non-
specific presentation in most cases. Findings from this study will therefore contribute positively to future
interventional studies and improve patient outcomes.

Salivary cortisol measurement was used instead of the conventional serum cortisol because it is simple,
non-invasive, reproducible, highly sensitive (92% - 100% ) and specific (84.9% - 100%).*® Salivary cortisol
levels reflect the free and thus the active form of cortisol which can be reliably used in patients with increased or
decreased plasma binding proteins e.g during critical illness, while serum cortisol levels reflect total cortisol
(free and bound forms) levels.*®! Though 24-hour urinary free cortisol (UFC) estimation also reflects the active
form of cortisol, the required 24-hour urine collection poses difficult challenge to the patients due to incomplete
urine collection which usually results in under estimation of cortisol. UFC estimation is also faced with non-
standardized laboratory assay methods with consequent falsely low results, especially in patients with renal
impairement. Studies have consistently reported that salivary cortisol follows the diurnal rhythm of serum
cortisol,?**#1 and also highly significant correlations between serum and salivary cortisol levels (p<0.0001)
indicating that salivary cortisol can reliably replace serum cortisol.?*24%3 A study done to compare serum and
salivary cortisol in the diagnosis of adrenal insufficiency reached a conclusion that salivary cortisol may be a
better laboratory indicator of cortisol levels than serum total cortisol. The sex distribution of the study subjects
showed a female preponderance of 59.6% .This suggests that HIV infection was commoner among females than
males in the area of study. This is in keeping with the findings of studies conducted in South-east Nigeria and
North-central Nigeria in which female preponderance of 68.9% and 51.5% were reported respectively. "%
Similarly, other studies conducted outside Nigeria also reported female preponderance. %3123 However, a
study conducted by Iliyasu and colleagues reported male preponderance of 54.6% among HIV infected
individuals. This study has shown that HAART-treated HIV patients were slightly older and had a higher mean
age compared to the HAART-naive group. This may be due to the effect of HAART in improving the life
expectancy of these patients, thus enabling them to live longer. The age group with the highest number of
subjects in both the HAART-treated group and HAART-naive group was 25-29 years. This suggests that HIV
infection was highest among young individuals in the area of study. This observation agrees with the findings of
United Nation’s progress report on Nigeria,”® as well as the reports of other studies conducted
globally.[28,29,3l,.32,

The median basal salivary cortisol of HAART-treated HIV positive patients was lower than that of the
HAART-naive group. The difference in median basal salivary cortisol between the two groups was statistically
significant (P - 0.01). The observed difference may be due to the effect of HAART on the adrenal gland as well
as the direct effect of the virus in causing destruction of the gland.™ The control group had higher median basal
salivary cortisol than both HAART-treated and HAART- naive groups. This observation agrees with the
findings of a study conducted in Israel by Perlman and colleagues, who reported a higher mean basal salivary
cortisol levels for the control group compared to patients with hypoadrenalism. All the subjects with low basal
SC in both HAART-treated and HAART-naive groups responded inadequately to the short Synacthen test at 30
minutes and 60 minutes post Synacthen injection. However, the response at 60 minutes was significantly higher
among the HAART-naive group than HAART-treated group (P - 0.001).This agrees with the findings of
Contreras and co-researchers who observed blunted salivary cortisol response to standard dose Synacthen test in
all patients with adrenal insufficiency.™ Cardoso and co-workers also reported that 8 out of 21 HIV positive
patients responded inadequately to low dose Synacthen test.*® Odeniyi and co-workers in Lagos Nigeria, also
reported [gglat the cortisol response to Synacthen test was significantly lower in persons with HIV than healthy
subjects.

The mean late night salivary cortisol (LNSC) concentration was high in all subjects with high basal SC
in both groups I and I1. This finding is similar to that observed by Raff and colleagues in Wisconsin where they
reported a mean LNSC of 24.0 £ 4.5 nmol/L for patients with proven Cushing’s syndrome as compared to
normal subjects who had mean LNSC of 1.2 + 0.1 nmol/L."*"! High LNSC concentration which confirms loss of
diurnal rhythm in cortisol secretion is the earliest manifestation seen in patients with hypercortisolism.™ HIV
infection may result in hypercortisolism via the effect of cytokines on the hypothalamo-pituitary-adrenal (HPA)
axis. It is postulated that HIV infection triggers macrophages to secrete interleukins e.g (IL-1) and tumour
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necrosis factor (TNF) which act as adrenal stimulators™ HIV infection of the brain stimulates the secretion of
Interleukin-1 which enhances the release of corticotrophin releasing hormone (CRH) from the hypothalamus to
the circulation thereby resulting in increased secretion of adrenocorticotropic hormone (ACTH) which
subsequently leads to increased cortisol secretion. Findings of several studies, depending on the study design or
study population, have reported varying prevalence rates of adrenocortical dysfunction among HIV infected
patients between 2.8% - 74.0%.

Findings from this study revealed that adreno-cortical hypofunction (hypocortisolism) was the most
prevalent form of adrenal dysfunction among the study subjects with a prevalence of 8.1%. The prevalence was
higher among the HAART treated HIV patients (11.3%) than the HAART naive HIV patients (5.0% ). Adreno-
cortical hyperfunction (hypercortisolism) was also more prevalent among HAART treated HIV positive patients
(6.3%) than the HAART naive HIV positive patients (5.0%). The total prevalence of adreno-cortical
hyperfunction among all the study subjects was 5.6%. The prevalence of adreno-cortical dysfunction
(hypofunction and hyperfunction combined) was higher among HAART treated group (17.5%) than the
HAART naive group (10.0%). This finding may be due to the effect of HAART on the adrenal gland in addition
to the direct effect of the virus on the gland. Overall, the total prevalence of an adreno-cortical dysfunction
among all study subjects was found to be 13.8%.

Meyaet al in Uganda reported a prevalence of adrenal insufficiency of 19%."**! This could be due to
the fact that both Uganda and Nigeria are resource limited settings that share similar socio-demographic
patterns. The slightly higher prevalence observed in the Uganda study may be because they conducted their
study among critically ill HIV patients that were admitted into the medical emergency unit while this study was
conducted among stable HIV patients attending routine follow-up clinic. Gonzalez and colleagues in Mexico,
reported a 21.2% prevalence of adrenal insufficiency (Al) among HIV patients. Their study further classified the
participants into AIDS and HIV group. The prevalence of Al was higher among the AIDS group than the HIV
group (26.4% and 9.4% respectively).*¥IEkpebegh and colleagues in South Africa also reported a 27%
prevalence of hypoadrenalism among patients with HIV infection.[*IThere are other studies that have reported
similar prevalence of an adreno-cortical dysfunction among HIV patients®****2 However, very high prevalence
of Al (74%) was reported by Shashidar and his colleague among HIV patients.*” The higher prevalence
observed may be because they used critically ill HIV patients and they also used the lower dose of Synacthen (1
pg) which might not have adequately stimulated the adrenal gland thereby resulting in over-diagnosis of adrenal
insufficiency in the study subjects.™"!

V. Conclusion
This study has established thatadreno-cortical dysfunction is common among both HAART treated and
HAART naive HIV positive patients. Adreno-cortical hypofunction was the commonest form of adrenal
dysfunction among the two groups of HIV positive subjects, with higher prevalence in the HAART-treated
group. Adreno-cortical hyperfunction was also commoner among HIV HAART-treated patients than the
HAART naive group.

Based On The High Prevalence Of Adreno-Cortical Dysfunction Found In This Study, The Following Are

Recommended:

1. Baseline morning salivary cortisol measurement should be routinely conducted in all newly diagnosed HIV
positive patients in order detect and treat dysfunction of the adrenal cortex early in the disease.

2.  All HAART eligible patients should have salivary cortisol measurement done with a view to establishing a
baseline prior to commencement of HAART.

3. The treatment of patients with adrenal dysfunction should be offered immediately because of the associated
high morbidity and mortality, since adrenal insufficiency is the commonest and most serious endocrine
complication that occurs in persons with HIV infection.

4. Clinicians especially Endocrinologists and Chemical Pathologist should be encouraged to conduct more
studies with a view to establishing guidelines for treatment of HIV patients with adrenal dysfunction and
also to investigate outcomes in patients treated for adrenal dysfunction.
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Table I: Sex and Age distribution of the study subjects.

Variables | Variables Group | Group li Group lii Total
Sex Male (N %) | 43 53.8 27 336 41 513 40.4
Female (N %) | 37 46.2 53 66.4 39 487 59.6
Age In Years Mean + Sd 35.00 £9.0 34.4+10.1 33.0+9.3 359+9.9
Table I1: Basal salivary cortisol (Median, minimum and maximum values) of the study subjects
Group | Summarizing Indices | | Baseline Cortisol (Nmol/L)
Group 1 Median 6.3
Minimum Value 0.9
Maximum Value 78.7
Range 77.8
Group 2 Median 1.75
Minimum Value 0.1
Maximum Value 72.3
Range 72.2
Group 3 Median 14.1
Minimum Value 3.3
Maximum Value 38.2
Range 34.9
P-Value <0.005

Table I11: Response of Salivary Cortisol (mean + SD) to Short Synacthen Test in HIV
patients with low baseline SC by group.

Category 0 min Cortisol (nmol/L) 30 min Cortisol (nmol/L) 60 min Cortisol
(nmol/L)

GROUP | 1.81+£0.53 8.16 + 4.31 722+ 279

(n=9)

GROUP II 1.95 +0.33 12,65 + 4.25 14.68 £ 1.85

(n=4)

p- value <0.05 0.11 <0.005

Table IV: Mean Late Night Salivary Cort

With High base

line SC by group.

isol (LNSC) concentrations of HIV patients

Category 1 measurement 2" measurement Mean LNSC
GROUP | 26.42 +4.46

(n=5) 24.32+4.48 25.74 +£4.47
GROUP 11 16.30 +4.01
(n=5) 18.00 + 6.00 17.30 +5.01
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Table VV: Prevalence Of An Adreno-Cortical Hypofunction Among Study Subjects.

Category Low Baseline | Suboptimal  Response | Prevalence of
Cortisol To Synacthen Test Hypofunction
N (%) N (%) (%)
Group | 9(11.3) 9 (11.3) 11.3
Group li 4 (5.0) 4 (5.0) 5.0
Total 13(8.1) 13(8.1) 8.1

Table VI: Prevalence of an adreno-cortical hyperfunction among study subjects

Category High Baseline | High LNSC Prevalence of
Cortisol n (%0) n (%) hyperfunction
(%)
GROUP | 5(6.3) 5(6.3) 6.3
GROUP II 4 (5.0) 4 (5.0) 5.0
TOTAL 9(5.6) 9(5.6) 5.6
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