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Abstract 

Context: Pharmacokinetic properties of cortisone acetate (CA) and hydrocortisone (HC) 
differ because CA needs to be converted into cortisol to become active.
Objective: This work analyzed the metabolic consequences of switching CA to an equiva-
lent daily dose of HC in patients with secondary adrenal insufficiency (SAI).
Design: This was a post hoc analysis from a prospective study including individuals with 
hypopituitarism receiving growth hormone replacement. Data were collected before and 
after a switch from CA to an equivalent dose of HC (switch group). Two control groups 
were included: patients continuing CA replacement (CA control group) and adrenal-
sufficient hypopituitary patients (AS control group).
Results: The analysis included 229 patients: 105, 31, and 93 in the switch, CA con-
trol, and AS control groups, respectively. After the change from CA to HC, increases 
in mean body weight (1.2 kg; P < .05), waist circumference (2.9 cm; P < .001), body 
fat measured by dual-energy x-ray absorptiometry (1.3  kg; P < .001), and glycated 
hemoglobin (0.3%; P < .05) were recorded in the switch group. The increase in mean 
waist circumference was greater than in the AS control group (0.9 cm; P < .05). Mean 
body fat increased in the switch group but not in the CA control group (–0.7  kg; 
P < .05).
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Conclusions: A switch from CA to an equivalent dose of HC was associated with a wors-
ened metabolic profile, suggesting that HC has a more powerful metabolic action than 
CA based on the assumption that 20 mg HC equals 25 mg CA.

Key Words:  secondary adrenal insufficiency, cortisone acetate, hydrocortisone, metabolic outcome

Approximately 75% of European patients with adrenal 
insufficiency (AI) receive hydrocortisone (HC) for gluco-
corticoid (GC) replacement [1]. In some countries, how-
ever, cortisone acetate (CA) is more commonly used. The 
pharmacokinetic profiles of HC and CA differ. HC is the 
chemical equivalent of endogenous cortisol and, thus, is a 
biologically active GC, whereas CA requires conversion to 
cortisol by the enzyme 11-β-hydroxysteroid dehydrogenase 
type 1 to become active. Therefore, orally administered CA 
has a delayed peak of serum cortisol concentration com-
pared to HC.

The dose of GC replacement has a strong impact on 
metabolic outcome in patients with secondary AI (SAI), ir-
respective of GC type [2, 3]. However, the type of GC may 
also influence metabolic outcome [2]. The conventional 
treatment for replacement therapy in patients with AI con-
sists of HC or CA, divided into 2 or 3 oral doses per day, 
as recommended by current guidelines [4]. As the standard 
and most widely used conversion ratio for HC:CA is 4:5, 
the hydrocortisone equivalent (HCeq) dose of 20 mg HC is 
25 mg of CA. This conversion ratio, however, is based on 
data from older in vitro studies comparing the anti-inflam-
matory potency of GCs [5-8]. There is limited information 
comparing the in vivo metabolic effects of various GCs 
during oral administration. In a previous study [2], the use 
of CA was associated with more favorable glucose metab-
olism, with glycated hemoglobin (HbA

1c) levels being lower 
than in patients treated with HC. Thus, HC may have a 
more potent metabolic effect than the assumed equivalent 
dose of CA.

In Sweden, CA was the conventional GC used for replace-
ment therapy in patients with AI until 2001, when it was 
withdrawn from the market by the manufacturer and HC 
was approved by the Swedish Medical Products Agency. We 
were therefore able, in an ongoing prospective study [9, 10], 
to follow patients with hypopituitarism through a period 
during which most patients were switched from CA to HC. 
The aim of this study was to assess the consequent metabolic 
effects of the change in GC replacement in patients with SAI.

1. Materials and Methods

A. Design

This was a post hoc analysis on data from an ongoing, 
prospective, open-label trial that started October 8, 
1990, of replacement therapy with recombinant human 

growth hormone (GH) in adults with GH deficiency [11]. 
Anthropometric characteristics, body composition meas-
urements, and blood samples were collected at baseline, 
when GH treatment was started, and at 6, 12, 24, 36, 60, 
84, 120, and 144 months following inclusion.

B. Study Population

To be included in the analysis the patients had to be age 
18  years or older, have a stable replacement dose with 
L-thyroxine, testosterone, estrogen, and GH for 3 months 
or more before study entry and during the rest of the 
study period, and have complete follow-up data. In add-
ition, patients receiving GC replacement had to have a 
stable CA dose for 6 months or more before study inclu-
sion and a stable HCeq dose of GCs during the rest of the 
study period. When the switch from CA to HC started 
(in 2001), 318 patients with hypopituitarism had entered 
the study (Fig.  1). Of these, 89 patients were excluded 
from the analysis: 56 because of incomplete data, 11 had 
died before the 2001, 9 had GC only when needed, 8 

Figure 1. Flow diagram of patients included in the study. AI, adrenal 
insufficiency; AS, adrenal sufficient; CA, cortisone acetate; HC, hydro-
cortisone, GC, glucocorticoid.
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had already received HC as GC replacement before 2001, 
3 had GC treatment for a disease other than AI, and 2 
had other hormonal deficiencies that were not stable (see 
Fig. 1).

C. Data Collection

Data were collected for all patients from 2 visits: base-
line (visit 0-32 months before the switch from CA to HC) 
and follow-up (visit 12-40 months following the switch). 
Similarly, for the control groups, data from 2 visits (baseline 
and follow-up) were collected, with comparable time inter-
vals. HCeq-dose calculations were based on the standard 
conversion ratio of 4:5 for HC:CA [2].

D. Outcome Variables

Body height was measured to an accuracy of 0.5 cm and 
weight to an accuracy of one decimal point. Body mass 
index (BMI) was calculated as kilogram divided by meters 
squared (kg/m2). Waist circumference was measured be-
tween the iliac crest and the lowest level of the hip in the 
supine position. Resting blood pressure was measured in a 
sitting position.

Serum total cholesterol, high-density lipoprotein 
(HDL)-cholesterol, and triglycerides, fasting plasma glu-
cose, and blood HbA1c were measured by standardized 
methods [10], and low-density lipoprotein cholesterol 
was calculated by the Friedewald formula as previously 
described [12].

Total body fat mass was measured by dual-energy x-ray 
absorptiometry (DEXA; Lunar DPX-L, Lunar Corporation; 
Software 1.1-8.70). Total body fat mass was also measured 
by bioelectrical impedance analysis (BIA) performed in the 
supine position on a BIA-101 device (RJL System) using a 
frequency of 50 kHz [13].

E. Statistical Analyses

Continuous variables are presented either as mean ± SD or 
median (range) and categorical variables as number (per-
centage; %). For comparison between groups, unpaired 
t  test was used for normally distributed data and Mann-
Whitney U  test for nonnormally distributed data. For 
within-group comparisons, a paired t test was used for nor-
mally distributed data and a Wilcoxon signed rank tests for 
nonnormally distributed data. All tests were 2-tailed and P 
values less than .05 were considered statistically significant. 
The statistical analyses were performed using SPSS statis-
tics, version 24.

F. Ethics

This study was approved by the Regional Ethical 
Committee of the University of Gothenburg, Sweden (per-
mission No. 100-15). The study was conducted according 
to the Declaration of Helsinki.

2. Results

A. Patient Characteristics

A total of 229 patients with hypopituitarism (135 men, 94 
women) were included in the study (see Fig. 1). The study 
population was divided into 3 groups: 1) a switch group 
(n = 105) that included SAI patients who changed GC re-
placement from CA to HC; 2) a CA control group (n = 31) 
that included SAI patients continuing CA therapy during 
the study period; and 3)  an AS control group (n = 93) 
that included hypopituitary patients without adrenocor-
ticotrophic hormone deficiency and thereby not requiring 
GC replacement (see Fig. 1). The most common causes of 
hypopituitarism were nonfunctioning pituitary adenoma 
and craniopharyngioma (Table 1). Clinical characteristics 
of the 3 groups are shown in Table 2. At baseline, mean 
(± SD) age was higher in the switch group than in the CA 
control group (57.1 ± 12.7 vs 50.7 ± 14.1  years, P < .05) 
(see Table 2). The mean daily dose of CA was 26.6 ± 9.1 mg 
and 21.6 ± 8.8 mg in the switch and CA control groups, re-
spectively (P < .05 between groups). The mean GC dose re-
mained stable in each group during the entire study period. 
Mean BMI at baseline was 27.6 ± 4.4 kg/m2 in the switch 
group, which was not different compared to the CA control 
(P = .8) or AS control groups (P = .3) (see Table 2). At base-
line, no differences in mean body weight, waist circumfer-
ence, total body fat (measured using DEXA), fasting plasma 
glucose, HbA1c, and diastolic blood pressure were recorded 
in the switch-group in comparison with both the CA and 
AS group (data not shown). Mean systolic blood pressure in 
the switch group (130.4 ± 17.0 mm Hg) was not different 
from in AS controls (131.3 ± 18.4 mm Hg) but higher than 
in CA controls (123.4 ± 15.4 mm Hg; P < .05). Mean ob-
servation time between baseline and follow-up visit was 
31 ± 11 months in the switch group, 36 ± 9 months in the 
CA control group, and 37 ± 12 months in the AS control 
group (see Table 2).

B. Body Weight and Body Composition

Body weight increased by 1.2 kg (95% CI, 0.3 to 2.0 kg) in 
the switch group (P < .05), whereas no significant changes 
were recorded in the control groups (Table  3; Fig.  2A). 
Waist circumference increased by 2.9 cm (95% CI, 1.8 to 
4.1 cm) after the switch from CA to HC (P < .001), whereas 
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Table 2. Clinical characteristics of the study population

Switch group (n = 105) CA control group (n = 31) AS control group (n = 93)

Women, No. 40 (38) 16 (52) 38 (40)
Men, No. 65 (62) 15 (48) 56 (60)
Age, y 57.1 ± 12.7 50.7 ± 14.1b 51.6 ± 16.2b

GH replacement, No. 105 (100%) 31 (100%) 93 (100%)
GC replacement, No. 105 (100%) 105 (100%) 0
Thyroid hormone replacement, No. 84 (80%) 24 (77%) 35 (38%)
Sex steroid replacement, No. 78 (74%) 24 (77%) 40 (43%)
GC replacement regimen    
 Once daily 79 (75%) 0 –
 Twice daily 19 (18%) 31 (100%) –
 Thrice daily 7 (7%) 0 –
BMI, kg/m2 27.6 ± 4.4 27.4 ± 4.6 28.3 ± 5.3
BSAa, sqm 1.9 ± 0.2 1.9 ± 0.2 2 ± 0.3
CA dose, mg 26.6 ± 9.1 21.6 ± 8.8 –
HCeq dose, mg 21.3 ± 7.3c 17.3 ± 7.0 –
Observation time, mo 31 ± 11 36 ± 9 37 ± 12

Data are given as No. (%) or mean ± SD.
Abbreviations: AS, adrenal sufficient; BMI, body mass index; BSA, body surface area; CA, cortisone acetate; GC, glucocorticoid; GH, growth hormone; HC, hy-
drocortisone; HCeq, hydrocortisone equivalent.
aBSA was calculated using the Dubois and DuBois formula: 0.007 184 × height (cm)0.725 × weight (kg)0.425.
bP less than .05 compared to the switch group.
cP less than .05 compared to the CA control group.

Table 1. Underlying causes of hypopituitarism in the study population

Diagnosis Switch group (n = 105) CA control group(n = 31) AS control group (n = 93)

Nonfunctioning pituitary adenoma 44 (41.9) 5 (16.1) 35 (37.6)
Craniopharyngioma 16 (15.2) 6 (19.4) 5 (5.4)
Idiopathic 7 (6.7) 2 (6.5) 9 (9.7)
Cushing disease 6 (5.7) 4 (12.9) 4 (4.3)
Prolactinoma 6 (5.7) 5 (16.1) 10 (10.8)
Empty sella syndrome 5 (4.8) 0 (0.0) 3 (3.2)
Acromegaly 4 (3.8) 0 (0.0) 7 (7.5)
Other diagnosis 17 (16.2) 9 (29.0) 20 (21.5)
Other diagnosis (n = 17) (n = 9) (n = 20)
 Congenital hypopituitarism 2 - 1
 Cystic change 1 - -
 Dysgerminoma 1 - -
 Ependymoma - 1 1
 Granular cell tumor - - 1
 Histiocytosis - 1 -
 Hypophysitis 2 2 1
 Isolated idiopathic GHD - - 5
 Leukemia - - 2
 Medulloblastoma - - 1
 Meningioma 2 1 3
 Pituitary apoplexia 1 1 1
 Rhabdomyosarcoma - - 1
 Sarcoidosis 1 1 -
 Septo-optic dysplasia - 1 -
 Sheehan syndrome 2 - -
 Trauma 3 - 1
 Unknown 2 1 2

Data are given as No. (%).
Abbreviations: AS, adrenal sufficient; CA, cortisone acetate; GHD, growth hormone deficiency.
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waist circumference did not change in the control groups 
(see Table 3, Fig. 2B).

Total body fat mass increased in the switch group by 
1.3  kg (95% CI, 0.6 to 2.0  kg) when measured using 
DEXA (P < .001) (Fig. 2B) and 2.1 kg (95% CI, 1.1 to 
3.2  kg) using BIA (P < .001), whereas there were no 
changes in the CA control group with either method (see 
Table 3).

C. Lipid and Glucose Metabolism and Blood 
Pressure Profile

Total cholesterol and triglycerides concentrations were not 
affected by the switch to HC (Table  4). However, an in-
crease of mean HDL cholesterol by 0.2 mmol/L (95% CI, 
0.1 to 0.2; P < .001 mmol/L) was recorded after the switch. 
A similar pattern was found in the AS control group, with 
higher mean (± SD) HDL cholesterol at follow-up com-
pared to baseline (1.3 ± 0.4 vs 1.4 ± 0.5 mmol/L; P < .001) 
(see Table 4). The switch to HC led to increased diastolic 
blood pressure, but did not affect systolic blood pressure 
(see Table 4). In the control groups, both systolic and dia-
stolic blood pressure remained stable throughout the study 
(see Table 4).

Mean (± SD) HbA1c increased following the switch to 
HC (4.5 ± 0.7 vs 4.8 ± 1.5%; P < .05), but did not change 
significantly in the control groups (see Table 4). In the CA 
control group, a trend toward a reduction of mean HbA1c 
was recorded (4.3 ± 0.4 vs 4.2 ± 0.4%; P = .07). There 

were no significant differences in plasma fasting glucose 
between the switch group and the control groups (see 
Table 4).

When body composition and metabolic outcome were 
analyzed in men and women separately, no sex differences 
were observed. However, body fat, measured using body 
fat percentage, increased in men but not in women (data 
not shown).

3. Discussion

In this study we evaluated whether the type of GC for re-
placement therapy has an impact on metabolic outcome in 
patients with SAI. We found that a switch from CA to an 
assumed equivalent dose of HC was associated with an in-
crease in body weight, total fat mass, waist circumference, 
and HbA1c. These data suggest that the metabolic potency 
of HC in relation to CA is greater than previously thought 
when using the conversion ratio of 4:5 for HC:CA.

It is well recognized that overexposure to any type of 
GC leads to an adverse metabolic profile. In patients with 
SAI treated with different GCs, HCeq doses of more than 
20 mg/day have been associated with larger waist circum-
ference as well as higher BMI, total cholesterol, low-density 
lipoprotein cholesterol, and triglycerides [2]. Also, higher 
GC doses have been associated with an overall increased 
mortality in patients with SAI [14, 15]. In a randomized, 
prospective study [3], a higher HC dose was associated 
with higher BMI and blood pressure. On the other hand, a 

Table 3. Body weight and body composition in the study population at baseline and follow-up

Variable Baseline Follow-up Within-group differences P Difference between  
switch and control  

groups 

Weight, kg      
 Switch group (n = 105) 81.3 ± 16.1 82.4 ± 16.9 1.2 (0.3 to 2.0) < .05  
 AS control group (n = 93) 85.4 ± 20.0 85.5 ± 21.3 0.1 (–1.1 to 1.4) .9 –1.1, P = .2
 CA control group (n = 31) 80.2 ± 16.9 79.7 ± 18.7 –0.5 (–2.2 to 1.3) .6 –1.7, P = .07
Waist, cm      
 Switch group (n = 105) 94.2 ± 10.8 97.1 ± 11.8 2.9 (1.8 to 4.1) < .001  
 AS control group (n = 93) 95.3 ± 12.4 96.2 ± 14.1 0.9 (–0.6 to 2.4) .2 –2.03, P < .05
 CA control group (n = 31) 92.2 ± 11.7 93.0 ± 11.9 0.8 (–1.1 to 2.7) .4 –2.1, P = .08
BIA total body fat mass, kg      
 Switch group (n = 105) 20.4 ± 7.8 22.5 ± 9.3 2.1 (1.1 to 3.2) < .001  
 AS control group (n = 93) 22.4 ± 9.5 24.1 ± 11.6 1.7 (0.4 to 3.0) < .05 –0.4, P = .6
 CA control group (n = 31) 23.2 ± 15 22.5 ± 7.2 –0.7 (–5.5 to –4.1) .8 –2.8, P = .08
DEXA total body fat mass, kg      
 Switch group (n = 105) 24.6 ± 8.9 25.9 ± 9.1 1.3 (0.6 to 2.0) < .001  
 AS control group (n = 93) 26.5 ± 9.9 26.9 ± 9.8 0.4 (–0.6 to 1.3) .4 –1.1, P = .08
 CA control group (n = 31) 25.2 ± 7.2 23.5 ± 7.7 –0.7 (–1.9 to 0.5) .2 –2.0, P < .05

Data are given as mean ± SD or mean (95% CI).
Abbreviations: AS, adrenal sufficient; BIA, bioelectrical impedance analysis; CA, cortisone acetate; DEXA, dual-energy x-ray absorptiometry.
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study that investigated the effects of a dose reduction from 
30 to 15 mg HC/day in SAI was unable to show any bene-
ficial effects on blood pressure [16].

There is sparse evidence on the metabolic properties 
of the different types of GCs in patients with AI. Long-
acting GCs, such as prednisolone and dexamethasone, 
are more efficient in achieving successful adrenocortico-
trophic hormone suppression in patients with congenital 
adrenal hyperplasia [17, 18]. However, long-acting GCs 
are more prone to cause adverse metabolic outcomes [2, 
19]. Therefore, short-acting GCs, such as HC and CA, are 
usually recommended as replacement therapy in patients 
with AI [4, 20]. HC is often considered the most appro-
priate GC for replacement because it is chemically equiva-
lent to endogenous cortisol. However, whether the slower 
and delayed cortisol exposure during CA administration is 
more favorable from a metabolic perspective is unknown 
since a formal comparison between HC and CA has not 
been performed.

In our prospective study, weight gain occurred after the 
switch from CA to HC. In addition, mean waist circum-
ference increased by 3  cm in the switch group, whereas 
no significant change was found in patients continuing 
with CA and in individuals with sufficient GC production. 
These findings support the hypothesis that CA might be 
a more favorable choice than HC from a metabolic per-
spective. Filipsson et al [2] have previously analyzed the 
impact of glucocorticoid replacement regimens on meta-
bolic outcome in 2424 hypopituitary patients, showing 
that patients treated with CA had a more favorable glu-
cose metabolism, with HbA

1c levels being lower than in 
patients treated with HC. A  possible explanation could 
be that CA administration has a delayed cortisol peak 
and more prolonged exposure than HC [21, 22]. Another 
more likely explanation is that the assumption that 25 mg 
CA is equivalent to 20 mg HC is incorrect and that the 
equivalent dose of HC is actually lower. Older studies that 
have assessed serum cortisol profile after administration 

Figure 2. Box (median and interquartile range) and whisker (range) plots of A, weight; B, waist circumference; and C, total body fat mass measured 
by dual-energy x-ray absorptiometry in the switch and control groups at baseline and follow-up. *P < .05. **P < .001. AS, adrenal sufficient; CA, cor-
tisone acetate; NS, not significant.
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of oral CA and HC in the same individuals have shown 
that mean serum cortisol concentrations after CA are sig-
nificantly lower than those obtained after HC administra-
tion [18, 21, 22]. Interestingly, in one study [18] analyzing 
serum cortisol profiles in patients with Addison disease re-
ported that the equivalent dose of HC could be up to 40% 
lower than the dose of CA and not 20% as conventionally 
thought to achieve the same cortisol exposure.

To our knowledge, this is the first study to analyze total 
body fat mass in patients with SAI switching from CA to 
an equivalent dose of HC. Total body fat mass increased 
after the switch to HC, whereas it remained unchanged in 
patients continuing CA. At baseline, patients in the switch 
group were older than those in CA control group, which 
could possibly affect the comparison between these groups. 
However, at baseline, no differences in total body fat mass 
were found between these groups. The AS control group 
also showed an increase in total body fat mass measured 
using BIA, which could suggest that the increase in body fat 

is not an effect of switching the GC replacement regimen. 
Two commonly used methods for measurements of total 
body fat mass, DEXA and BIA, were used in this study. 
The 2 methods differ in their measurement of total body 
fat mass, as shown by the discrepancies found in this study 
(see Table 3); however, the 2 methods showed more con-
sistent results when measuring changes during intervention, 
as demonstrated in a previous study of GH replacement 
therapy [13].

GCs have a major impact on the cardiovascular system 
[23, 24]. Hypovolemia and hypotension are common clin-
ical signs in patients with AI [4, 25]. Conversely, overex-
posure to GCs is associated with high systolic and diastolic 
blood pressure [3]. In the present study, diastolic blood 
pressure increased at follow-up in the switch group but not 
in the control groups. Systolic blood pressure remained un-
changed in all groups. A higher potency of HC, compared 
to CA, could be a plausible explanation for the increased 
diastolic blood pressure.

Table 4. Metabolic characteristics in the study population at baseline and follow-up

Variable Baseline Follow-up Within-group differences P Difference between  
switch and control  

groups

Systolic BP, mm Hg      
 Switch group (n = 105) 130.4 ± 17.0 132.9 ± 20.2 2.5 (–1.3 to 6.3) .2  
 AS control group (n = 93) 131.3 ± 18.4 131.9 ± 18.7 0.5 (–3.0 to 4.0) .8 –2.0, P = .4
 CA control group (n = 31) 123.4 ± 15.4 125.9 ± 17.5 2.4 (–2.4 to 7.3) .3 0.0, P = 1.0
Diastolic BP, mm Hg      
 Switch group (n = 105) 76.8 ± 8.5 79.3 ± 10.2 2.6 (0.2 to 4.9) < .05  
 AS control group (n = 93) 77.8 ± 9.7 78.6 ± 9.8 0.8 (–1.4 to 3.0) .5 –1.8, P = .5
 CA control group (n = 31) 74.3 ± 8.6 73.6 ± 11.3 –0.7 (–4.7 to 3.3) .7 –3.3, P = .2
Serum cholesterol, mmol/L      
 Switch group (n = 105) 5.1 ± 1.0 5.2 ± 1.2 0.2 (0.0 to 0.4) .1  
 AS control group (n = 93) 5.3 ± 1.0 5.4 ± 1.2 0.1 (–1.7 to 0.3) .6 –0.1, P = .6
 CA control group (n = 31) 5.4 ± 1.0 5.2 ± 1.2 –0.2 (–0.4 to 0.1) .1 –0.4, P = .09
Serum triglycerides, mmol/L      
 Switch group (n = 105) 1.5 (5.3–0.7) 1.6 (0.3–9) –0.1 (–1.7 to 7.2) .7  
 AS control group (n = 93) 1.5 (0.5–4.3) 1.5 (0.1–6.7) –0.1 (–1.8 to 4.2) .3 P = .6
 CA control group (n = 31) 1.4 (0.6–6.7) 1.6 (0.6–6.3) –0.1 (–1.8 to 1.7) .5 P = .6
Serum HDL-cholesterol, mmol/L      
 Switch group (n = 105) 1.3 ± 0.4 1.4 ± 0.5 0.2 (0.1 to 0.2) < .001  
 AS control group (n = 93) 1.3 ± 0.4 1.4 ± 0.5 0.1 (0.1 to 0.2) < .001 –0.1, P = .1
 CA control group (n = 31) 1.2 ± 0.4 1.4 ± 0.5 0.1 (0.0 to 0.2) .09 –0.1, P = .3
Fasting plasma glucose, mmol/L      
 Switch group (n = 105) 5.2 ± 1.5 5.4 ± 2.4 0.2 (–0.1 to 0.6) .2  
 AS control group (n = 93) 5.5 ± 1.5 5.4 ± 1.2 –0.2 (–0.4 to 0.0) .1 –0.4 P = .07
 CA control group (n = 31) 4.7 ± 0.6 4.7 ± 0.6 –0.1 (–0.3 to 0.1) .4 –0.3 P = .4
Blood HbA

1c, %      
 Switch group (n = 105) 4.5 ± 0.7 4.8 ± 1.5 0.3 (0.0 to 0.5) < .05  
 AS control group (n = 93) 4.7 ± 0.9 4.7 ± 0.8 0.0 (–0.1 to 0.1) .6 –0.3 P < .05
 CA control group (n = 31) 4.3 ± 0.4 4.2 ± 0.4 –0.1 (–0.2 to 0.0) .07 –0.4, P = .07

Data are presented as mean ± SD or mean (95% CI), and for triglycerides as median (range).
Abbreviations: AS, adrenal sufficient; BP, blood pressure; CA, cortisone acetate; HbA1c, glycated hemoglobin; HDL, high-density lipoprotein.



Journal of the Endocrine Society, 2020, Vol. 4, No. 12 8

This study showed an adverse effect of HC on glucose 
metabolism, with HbA1c increasing in the switch group but 
not in the 2 control groups. Similar findings have been re-
ported in a previous study in which higher HbA1c was ob-
served in HC-treated patients compared to CA-treated 
patients [2]. The switch from CA to HC did not affect total 
cholesterol and triglycerides, although HDL cholesterol 
increased after the switch. This is in line with a previous 
study showing that increased cortisol exposure increases 
the activity of the cholesteryl ester transfer protein pathway, 
which in turn results in increased HDL cholesterol concen-
tration and size [26]. The increase in HDL cholesterol is 
therefore another indirect indication that the switch from 
CA to HC, supposedly at equivalent doses, results in higher 
cortisol exposure.

The major strength of this study is the large group of 
patients with SAI and the inclusion of 2 control groups. 
There are, however, some limitations to be acknowledged. 
This was a post hoc analysis with data obtained from a 
prospective, open-label trial of replacement therapy with 
recombinant human GH in adults with GH deficiency. 
The control groups were chosen to have a comparison of 
metabolic characteristics over time but were not matched 
to the switch group. Moreover, we could not control for 
other factors influencing metabolism such as physical ac-
tivity, food intake, and medications other than hormone 
replacement. The reasons why patients in the CA group 
did not change replacement but continued with CA were 
not available. Another source of error could be the dif-
ferent durations of observation in the different patient 
groups. Also, patients in the switch group had higher 
HCeq doses of CA compared to the CA control group 
at baseline, and this may have affected the comparison 
between these groups. Conversely, within-group compari-
sons were not affected by imbalances between groups. 
Indeed, within-group comparisons showed worse meta-
bolic outcome in the switch group at 6 months’ follow-up. 
On the contrary, no differences were recorded in the CA 
and AS control groups between baseline and follow-up. 
This may suggest that the switch from CA to HC per se 
affects metabolic outcomes. Further studies, however, are 
needed to confirm this finding.

In conclusion, our findings suggest that the type of GC, 
and not only the dose, has affects the metabolic profile in 
patients with SAI. In this study, the switch from CA to an 
assumed equivalent dose of HC led to adverse metabolic ef-
fects, suggesting that the widely used conversion ratio of 4:5 
for HC to CA may be imprecise and underestimate the meta-
bolic potency of HC. We can also speculate that, in patients 
with SAI, replacement treatment with CA may have more 
favorable pharmacokinetic properties in terms of metabolic 
outcomes.
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