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ABSTRACT 

Although very little is known about the importance of dehydroepiandrosterone (DHEA) 

and DHEA sulfate (DHEA-S) in human physiology and pathophysiology, emerging 

observations imply pivotal roles of DHEA/-S. One such observation is the association 

between serum DHEA/-S levels and mortality risk. In this review, we focus on the literature 

addressing DHEA/-S and mortality with the aim to describe and discuss patterns and potential 

underlying mechanisms. Although the literature reports somewhat inconsistent results, we 

conclude that several larger population-based studies support an association between low 

DHEA/-S and risk of death, at least in elderly men. In women, the association may not be 

present; alternatively, there may be a U-shaped association. In men, most available evidence 

suggests an association with cardiovascular (CV) mortality rather than cancer mortality. 

Further, there are biologically plausible mechanisms for an effect of DHEA/-S on the 

development of CV disease. On the other hand, there is also strong evidence supporting that 

any disease may lower DHEA/-S. Thus, the cause-effect relation of this association is less 

clear. Future studies may employ a mendelian randomization approach using genetic 

determinants of DHEA-S levels as predictors of clinical outcomes, to delineate the true nature 

of the association between DHEA/-S and mortality. 
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1. Introduction 

Dehydroepiandrosterone (DHEA) is the most abundant steroid hormone in human blood 

and is present in serum mainly as a sulfate ester (DHEA-S) [1, 2]. In this review, the term 

DHEA will be used for the unconjugated form of the hormone, DHEA-S denotes the sulfated 

form, and DHEA/-S denotes any or unspecified form of the hormone.    

DHEA/-S levels decline dramatically with age [3], but the mechanism(s) underlying this 

decline and its consequences for health are unclear. The potential importance of DHEA/-S in 

age-related disorders has received a larger interest among the lay public than in the scientific 

community, and there is a widespread, non-supervised use of DHEA/-S as a dietary 

supplement for elderly people, particularly in the US [4]. Thus, the public interest in this 

endogenous substance is far ahead of scientific evidence and understanding.  

Although very little is known about the importance of DHEA/-S in human physiology 

and pathophysiology, emerging observations imply pivotal roles of DHEA/-S. One such 

observation is the association between DHEA/-S levels and mortality risk. In this review, we 

focus on the literature addressing DHEA/-S and mortality with the aim to describe and discuss 

patterns and potential underlying mechanisms. 

 

 

2. Describing the association  

There are numerous studies, with different study designs, that have addressed the 

potential association between DHEA/-S and mortality risk. In Table 1 we list the larger 

prospective population-based cohort studies on all-cause mortality published to date [5-15]. 

Besides these studies, there are studies using other endpoints, designs, specific patient cohorts 

etcetera that will not be systematically listed in this review, but may be highlighted if they 

illustrate particular aspects outlined below. Besides mortality risk, an association between 
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DHEA-S and longevity in men has been reported in at least one community-based cohort 

study [16].  

 

2.1. Certain aspects: consistency, power and hormone assays 

The population-based studies that addressed the association between DHEA/-S levels 

and future all-cause mortality show somewhat inconsistent findings (Table 1). In this context, 

two major features of positive versus negative studies can be distinguished. Firstly, it may be 

a matter of power of the study; the two largest studies both show clear associations, such that 

the lowest DHEA/-S levels (lowest quartile) are associated with increased mortality risk in 

elderly men [9, 13]. By contrast, some smaller studies do not find this association [8, 12, 14, 

15]. Secondly, as will be discussed further below, there may be an important sex difference 

such that the association is found in men but not in women [5-7, 9].  

Another important aspect may be the quality of the hormone measurements. Although 

DHEA-S levels are high in human blood, low sensitivity and precision of immunoassays may 

result in incorrect measurements in subjects with low levels of DHEA/-S [17, 18]. The 

methods of choice for the measurement of sex hormones, including adrenal steroids, are mass 

spectrometry-based methods [18]. We used mass spectrometry-based assays for DHEA and 

DHEA-S assessment in the MrOS Sweden study, demonstrating an association between 

DHEA and DHEA-S levels and mortality in elderly men [13].  

Looking at the published population-based prospective studies, certain patterns can be 

distinguished. Because these may give important clues to the underlying mechanisms, they 

are discussed in more detail below.  
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2.2. Age heterogeneity 

Across all populations, there is a dramatic decline in DHEA-S with increasing age [3]. 

Previous data suggest that this decline is lost among non-survivors, in which DHEA-S levels 

are at a constant, low level over the age span of 50-75 years, as compared with survivors [5]. 

In the MrOS Sweden study, low DHEA and DHEA-S predicted increased mortality risk only 

among older men aged 69-75 years, but not among men above 75 years of age [13]. Age 

heterogeneity was also evident in another study [19], in which DHEA-S was a predictor of 

mortality in men aged 65-69 years, but not 70-74 or >75 years. Because DHEA/-S levels are 

very low even in the relatively healthier oldest old, it may be speculated that it thereby loses 

its predictive information with increasing age, as the relative differences turn smaller. 

 

2.3. Sex difference 

Several cohorts that analyzed women and men separately report that there is an 

association in men but not women [5-7, 9]. Accordingly, Enomoto et al. reported an 

association between DHEA-S and longevity in men but not women [16]. There are some 

indications that an association may be present in women, but that the association is different 

and more U-shaped. For example, in two studies [9, 12] there were non-significant U-shaped 

trends between DHEA-S levels and all-cause mortality risk in women. Supporting the notion 

that women with either low or high DHEA-S levels are at increased risk, Cappola et al found 

that disabled older women in both the top and bottom DHEA-S quartiles had a more than 2-

fold higher 5-year mortality than those in the middle quartiles [20]. 

 

2.4. Cause-specific mortality 

In trying to understand the nature of the association between DHEA/-S and mortality, 

crucial information should come from analyses of underlying death causes. Unfortunately, 
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because many of the published studies are relatively small, they do not allow further analysis 

of cause-specific mortality.  

A few population-based studies have studied both all-cause mortality as well as 

cardiovascular (CV) mortality, and in these studies DHEA status was associated with both [5, 

9, 13]. Thus, these results are in line with CV disease/death as an important driver underlying 

the association between DHEA/-S and mortality. Accordingly, in the MrOS Sweden cohort, 

there was also a very strong association between DHEA/-S and the ischemic heart disease 

(IHD) subgroup of CV deaths in men [13]. The Massachusetts Male Aging Study found no 

significant association between low DHEA/-S and the 9-year IHD mortality among 1709 men 

aged 40-70 years, but did find an association between low DHEA/-S and combined fatal and 

non-fatal IHD events [21]. However, another population-based study reported no association 

between DHEA-S levels and incident CVD in 2084 middle-aged men with a mean age of 55 

years [22]. Thus, data are somewhat conflicting and there is a need for large population-based 

studies addressing the potential association between DHEA/-S and CV outcomes. 

The other major group of death causes, cancer deaths, are even less studied. In the MrOS 

Sweden study, we found no association between DHEA/-S levels and cancer mortality in men 

[13]. However, among male US army veterans, higher DHEA-S levels were associated with 

reduced risk of death from cancer while there was no association between DHEA-S and CV 

mortality [23]. Interestingly, we found an association between non-cancer, non-CV deaths and 

low DHEA/-S levels in the MrOS Sweden study [13]. Taken together, most available data on 

cause-specific mortality suggest an association between DHEA/-S and CV death, but an 

association with other death causes cannot be precluded. 
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3. Potential underlying mechanisms 

From the available evidence we can state that there is an association between low 

DHEA/-S and risk of death, at least in elderly men over approximately 65 years of age. The 

next question that arises is the one about causality, i.e. is relatively higher DHEA/-S only a 

marker of better general health or does it have some kind of protective effect? Below we 

discuss some potential explanations and mechanisms, citing references selected from a 

relatively rich literature.  

 

3.1. Reverse causality? 

Any systemic disease may lower DHEA/-S [24] and DHEA/-S levels decrease rapidly 

during critical illness [25]. Intuitively, it seems appropriate that the body shuts down anabolic 

signals, such as DHEA/-S, in severe disease and instead directs energy fuel to an activated 

immune system to combat the disease/infection [24].  

The impact of disease and general poor health on DHEA/-S is evidently a plausible 

explanation for the association between DHEA/-S status and mortality risk. Thus, there is 

potentially reverse causality such that low DHEA/-S is a result rather than a cause of disease 

and death risk. Adjustment for and exclusion of subjects with baseline disease have been 

performed in many studies, but there may be residual confounding in the analyses. As those 

who have poor general health (of any cause) at baseline are more likely to die soon after the 

baseline examination, we excluded the first three years of follow-up in an exploratory analysis 

of the MrOS Sweden cohort in an effort to reduce the impact of reverse causality [13]. 

Importantly, we found that the association between DHEA/-S and mortality in this male 

cohort was unchanged following this exclusion. Although similar analyses have not been 

performed in other studies, this finding argues against confounding by comorbidity as a sole 

explanation for the association. 
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3.2. Causality? 

It is obvious that reverse causality is a major issue to consider in this context. On the 

other hand, there are also data to support a causal association between DHEA/-S levels and 

disease/death.  

 

3.2.1.  Disorders of adrenal hormone production and mortality  

Low DHEA/-S levels may derive from diseases of the sex hormone system such as 

primary adrenal insufficiency (AI; Addison´s disease) or secondary AI due to 

hypopituitarism. Due to current lack of evidence of benefit, DHEA replacement is not 

undertaken routinely in clinical practice in patients with AI [26]. If low DHEA/-S is causally 

associated with increased mortality, we thus would expect increased mortality risk in these 

patient groups. Indeed, patients with primary AI continue to have increased mortality, mainly 

from CV and infectious diseases, despite treatment and monitoring [26-28]. Further, patients 

with secondary AI have an increased mortality mainly due to CV disease [26]. In both these 

patient groups multiple hormone deficiencies and suboptimal substitution of other hormones 

may potentially explain the increased mortality. However, unsupplemented DHEA/-S 

deficiency should be included on that list, and the reduced life expectancy among these 

patient groups supports the notion that DHEA/-S may confer some kind of protection. 

 

3.2.2. Biologically plausible mechanisms 

The presence of a biologically plausible mechanism for an observed association 

generally strengthens the idea of causality. The fact that studies show an association between 

low DHEA/-S and CV mortality particularly raises the question whether DHEA/-S has an 

impact on pathways that modulate the development of CV disease. Indeed, there is relatively 

ample evidence supporting this notion. For example, experimental in vitro and rodent studies 
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suggest that DHEA/-S may modulate lipid/glucose metabolism, systemic inflammation and 

vascular biology via different mechanisms, such as PPARα activation, activation of a G 

protein-coupled receptor or conversion to estradiol, testosterone or other downstream DHEA 

metabolites [1, 2, 29, 30]. Another mechanism of potential importance is the effect of 

DHEA/-S to counteract glucocorticoid action [2, 31]. Importantly, because adult rodents do 

not produce DHEA/-S due to lack of expression of the enzyme CYP17 in the adrenals [32], 

results from rodent or in vitro studies may not necessarily translate to the human setting. 

Given the biological activity of testosterone and estradiol and that both low serum 

testosterone and estradiol may predict mortality in elderly men [33-35], the function of 

DHEA/-S as an alternate source of androgens and estrogens locally in tissues [3] is perhaps 

one of the most plausible pathways for DHEA/-S actions in humans. 

Traditional CV risk factors. DHEA/-S production has been suggested to be of 

importance for body composition as well as insulin sensitivity and lipid profile [3, 4, 36]. 

However, four longer (6 months-2 years) trials of DHEA therapy in elderly persons show 

conflicting results on the effects on body composition and insulin action [37-41]. 

Vascular biology and atherogenesis. Several studies support direct actions of DHEA/-S 

on the vascular wall, e.g. on endothelial function/regeneration [2, 42-44], proliferation of 

vascular smooth muscle cells and vascular remodeling [29, 45, 46]. Further, experimental 

studies suggest that DHEA/-S may reduce vascular inflammation [47-49]. Several of these 

mechanisms may contribute to an anti-atherogenic effect that has been described in rodents 

[50]. Short-term trials on the effect of DHEA therapy on vascular endothelial function in 

humans have reported both improvement [44, 51] and no effect [52, 53].  

Immune functions. DHEA/-S is a modulator of immune functions, which is assumingly 

very important, yet poorly understood [48, 49, 54, 55]. Given the involvement of the immune 

system in any acute (or chronic) disease, including cancer, atherosclerosis, and infectious 
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diseases, further understanding of these effects may provide important clues to the DHEA/-S-

mortality association.   

“Ageing” mechanisms, oxidative stress and PPAR activation. In the first genome-

wide association study (GWAS) of genetic variants associated with serum DHEA-S levels, 

eight independent single nucleotide polymorphisms were identified [56]. Interestingly, the 

related genes have various associations with steroid hormone metabolism as well as co-

morbidities of ageing including type 2 diabetes, lymphoma, actin filament assembly, drug and 

xenobiotic metabolism, and zinc fingers - suggesting a wider functional role for DHEA-S than 

previously thought [56]. Further, data indicate that DHEA/-S may reduce oxidative stress [47, 

57]. Notably, DHEA/-S has been shown to be an efficient activator of PPAR [2, 47, 57], 

which may constitute a possible mechanism for its function as a modulator of immune 

functions [48, 49, 54] and oxidative stress [47, 57] as well as atherosclerosis [50].  

 

 

4. Conclusions  

Given the decline in DHEA/-S levels with increasing age in both men and women, the 

potential association between lower DHEA/-S and increased mortality risk is intriguing. 

Although the literature reports somewhat inconsistent results, we conclude that several larger 

population-based studies support such an association in men. In women, the association may 

not be present; alternatively, there may be a U-shaped association, yielding negative findings 

in studies using smaller cohorts of women and conventional analyses assuming a linear 

association. In men, most available evidence suggest an association with CV mortality rather 

than cancer mortality. Further, there are biologically plausible mechanisms for an effect of 

DHEA/-S on the development of CV disease. On the other hand, there is also strong evidence 

supporting that any disease may lower DHEA/-S. Thus, the cause-effect relation of this 
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association is less clear. Possibly, there may be both causality and reverse causality and a 

vicious circle of disease lowering DHEA/-S that in turn aggravates disease and mortality risk. 

 

 

5. Future perspectives 

How can we gain more insight into the true nature of the association between endogenous 

DHEA/-S levels and risk of death? The classical solution to the question of causality is to use 

genetics and a mendelian randomization approach. For this purpose, information from the 

GWAS of DHEA-S levels may be employed [56], studying a genetic score for DHEA-S 

levels as a predictor of clinical outcome. This approach will require very large cohorts and 

research resources. There are pitfalls in this approach as well, as the DHEA-S GWAS may 

have captured general disease susceptibility genes rather than specific DHEA-S regulators.  

Although there are many interesting studies on DHEA/-S actions in rodents, these results 

must be interpreted with caution, due to the natural lack of DHEA/-S in adults rodents [32]. 

Instead, we are obliged to studies in humans and primates and it is here we should put our 

major research efforts in this exciting research field. Further, for the assessment of all sex 

steroid levels, we should use mass spectrometry-based methods, which soon will become a 

requirement for publication of sex hormone research in leading journals, also for adrenal 

steroids [18]. 

A pivotal question is whether exogenous DHEA may affect e.g. CV outcomes and death 

in placebo-controlled trials. This would be the ultimate proof of the existence and clinical 

relevance of a DHEA/-S deficiency syndrome that requires monitoring and treatment. To 

date, smaller trials of DHEA therapy in elderly persons show conflicting results, e.g. on CV 

risk factors [37-41]. Further, it is unlikely that these studies combined would yield sufficient 

power for a meta-analysis regarding mortality or CV events. Notably, most of these trials did 
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not select persons with DHEA/-S deficiency, so new and larger trials of DHEA therapy in 

patients with AI and/or elderly subjects with the lowest DHEA/-S levels may be motivated. 

Importantly, as long as we do not understand the intermediates between DHEA/-S and 

mortality risk, it may be problematic to let results on any of these intermediates prevent future 

investments into larger clinical trials. 
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Table 1. Prospective population-based cohort studies on DHEA/-S and all-cause mortality  
Reference 
 

Cohort 
Age at baseline 

Follow-
up time* 

Association with mortality Comments 

Barrett-Connor et al.  
N Engl J Med, 1986  
[5] 

Rancho-Bernardo  
50-79 yrs 
n=242 ♂ 

12 yrs  all-cause and CV mortality with lower 
DHEA-S (♂) 

 No similar association in an extended cohort 
with 19-yr follow-up [58] 

 
Barrett-Connor et al.  
N Engl J Med, 1987 
[6] 

Rancho-Bernardo  
60-79 yrs 
n=289 ♀ 

12 yrs  (DHEA-S vs all-cause and CV 
mortality; ♀) 

 No association in an extended cohort with 19-yr 
follow-up [59] 

Berr et al.  
Proc Natl Acad Sci, 1996 
[7] 

PAQUID 
>65 yrs 
n=266 ♂, 356 ♀ 

2-4 yrs  all-cause mortality with lower DHEA-S 
in ♂ 
 in ♀ 

 Similar results in 8-yr follow-up [19] 
 

Tilvis et al. 
Aging, 1999 
[8] 

Helsinki Aging Study 
75-85 yrs 
n=150 ♂, 421 ♀ 

5 yrs  (DHEA-S vs all-cause and CV 
mortality) 

 

Trivedi et al.  
J Clin Endo Metab, 2001 
[9] 

Cambridge General Practice Study 
65-76 yrs 
n=963 ♂, 1171 ♀ 

7.4 yrs  all-cause and CV mortality with lower 
DHEA-S in ♂ 
 in ♀ 

 U-shaped trend in ♀ 

Glei et al.  
Ann Epidemiol, 2006 
[10] 

Taiwanese cohort 
54-91 yrs 
n=963 ♂+♀ 

3 yrs () all-cause mortality with lower DHEA-
S, ♂+♀ pooled 

 No sex-specific analysis 

Maggio et al. 
Arch Int Med, 2007 
[11] 

InCHIANTI 
65-92 yrs 
n=410 ♂ 

6 yrs  all-cause mortality with lower DHEA-S 
(♂) 
 

 

Cappola et al. 
J Gerontol A Biol Sci Med 
Sci, 2009 [12] 

Cardiovascular Health Study 
>65 yrs 
n=466 ♂, 484 ♀ 

up to 17 
yrs 

 (DHEA-S vs all-cause mortality, ♂ and 
♂+♀ pooled ) 

 Trajectories, but not baseline levels, of DHEA-
S predicted all-cause mortality 

 U-shaped trend with baseline levels in ♀ 
Ohlsson et al. 
J Clin Endo Metab, 2010 
[13] 

MrOS Study in Sweden 
69-81 yrs 
n=2644 ♂ 

4.5 yrs  all-cause and CV mortality with lower 
DHEA and DHEA-S (♂) 

 Association with CV, but not cancer mortality  
 Mass spectrometry-based assays  
 Similar results with DHEA and DHEA-S 

Forti et al. 
Rejuvenation Res, 2012 
[14] 

Conselice Study of Brain Aging 
>65 yrs 
n=416 ♂, 504 ♀ 

8 yrs  (DHEA-S vs all-cause mortality; ♂ = 
♀ ) 

 

Haring et al. 
Clin Endocrinol, 2012 
[15] 

Framingham 
69-81 yrs 
n=254 ♂ 

5 and 10 
yrs 

 (DHEA-S vs all-cause and CV 
mortality; ♂) 

 Neither trajectories nor baseline levels of 
DHEA-S predicted mortality 

*As defined by the authors. CV = cardiovascular 


