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Man is only man at the surface. Remove the skin, dissect, and
immediately you come to machinery.
—Paul Valery, French critic and poet (1871-1945)

Cutaneous manifestations of diseases have long helped
observant clinicians to establish a diagnosis (1), but can
cutaneous clues or other physical characteristics predict
the risk of mortality or incident disease far into the future?
For some time, researchers have linked with mixed success
various physical manifestations to the risk of developing
diseases, such as coronary heart disease. Among these phys-
ical markers are earlobe crease (2), arcus senilis (3), baldness
(4), early hair graying (5), and facial wrinkling (6). Good
reasons exist for studying the associations between physical
markers and disease endpoints, because physical character-
istics may help not only to elucidate underlying pathogenetic
processes for diseases but also to detect persons at increased
risk who would benefit by early intervention.

In this issue of the American Journal of Epidemiology,
Galobardes et al. (7) add acne vulgaris to the list of physical
characteristics that may serve as risk markers for the devel-
opment of disease later in life. In a retrospective follow-up
study of 11,232 men who attended Glasgow University be-
tween 1948 and 1968 and whose mortality was traced into
2004, the investigators found that participants who reported
having acne during adolescence had a significantly lower
risk of death from coronary heart disease and an increased,
although statistically not significant, risk of death from pros-
tate cancer. For the other causes of mortality (mortality from
all causes, stroke, lung cancer, colon cancer, and external
causes), no significant associations were found. This study
provides an excellent example of how older epidemiologic

studies can be creatively used to generate new hypotheses
about the potential pathogenetic pathways of various
conditions.

Consistent with the longstanding hypothesis that endog-
enous sex hormones play important roles in the pathogenesis
of prostate cancer and cardiovascular disease, the authors’
view of acne largely as a manifestation of endogenous hor-
monal activity, principally androgen activity, has precedent.
Although there are many reasons to believe that androgen
activity may increase the risk of prostate cancer, epidemio-
logic studies have produced inconsistent results in linking
circulating concentrations of androgens to the risk of pros-
tate cancer (8—10). In the current study, the hazard ratio of
1.67 for mortality from prostate cancer was based on only
37-43 such deaths, and the confidence interval was wide and
overlapped 1.0 considerably. Surprisingly, the authors high-
lighted the findings pertaining to prostate cancer in the title
of their article as well as in the body of the text.

The cardiovascular findings are perhaps more interesting
and noteworthy. The authors report hazard ratios of 0.74 for
mortality from total cardiovascular disease and 0.67 for cor-
onary heart disease mortality. In both instances, the confi-
dence interval excluded unity. Adjustment for the various
covariates considered by the authors had little effect on the
hazard ratios. While a series of recent reviews seem to be
cautiously converging on the view that androgens may exert
a favorable effect on cardiovascular disease (11-13), the
roles of androgens on the cardiovascular system are likely
to be complex and may be sex specific. Among men, con-
centrations of testosterone have been inversely related to
concentrations of insulin and insulin resistance (14-21), as
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TABLE 1. Results of prospective studies of testosterone and risk of incident type 2 diabetes mellitus

Follow-up

No. of cases

Study (reference no.) Population (vears) of diabetes Results
Rancho Bernardo 294 men, 233 43* Women: highest vs. other
Study (34) women, aged quartiles of free testosterone
55-89 years (ORt = 2.9, 95% Clt: 1.1, 8.4);
men: lowest vs. other quartiles
of total testosterone (OR = 2.7,
95% ClI: 1.1, 6.6)
Massachusetts Male 1,156 men, 54 For each standard deviation
Aging Study (35) aged 40-70 decrease in free testosterone
years (OR = 1.58, 95% CI: 1.06, 2.29)
Multiple Risk Factor 12,886 men, 176 Low testosterone significantly
Intervention Trial (36) aged 35-57 associated with type 2 diabetes
years mellitus but not after adjustment

Swedish study of
men born in 1913 (37)

659 men, aged
67 years

for body mass index and fasting
glucose

35 Low testosterone significantly
associated with type 2 diabetes
mellitus even after adjustment
for body mass index and waist/
hip ratio

* Total of 43 cases = 26 men and 17 women.

1 OR, odds ratio for type 2 diabetes mellitus; Cl, confidence interval.

well as to obesity (22, 23) and central adiposity (16, 21, 23—
27). Indeed, small clinical trials have found that treatment
with testosterone decreased visceral fat and improved insulin
sensitivity in obese men (28) and men with low concentra-
tions of testosterone (29). In contrast, high concentrations of
androgens have been associated with dyslipidemia, hyper-
tension, and insulin resistance in women (30, 31). In a cross-
sectional study of 143 women aged 60 years or less from
New Zealand, those with polycystic ovarian syndrome had
more extensive coronary heart disease on angiography than
did women with normal ovaries (32). In a cohort of 253
Swedish women aged 54-60 years (31), low concentrations
of sex hormone-binding globulin (SHBG), a marker of an-
drogenicity, were associated with increased overall mortality
(32 events) and risk of myocardial infarction (12 events)
during 12 years of follow-up. The relation between the con-
centration of SHBG and the 12-year incidence of myocardial
infarction was U shaped. In a study of diabetic women (n =
120) and men (n = 123) from Wisconsin who were followed
for 5 years, however, plasma concentrations of SHBG or
other sex hormones were not significantly associated with
coronary heart disease mortality (33).

Data from relatively few prospective studies indicate that
testosterone may differentially affect the risk of type 2
diabetes mellitus in men and women (table 1) (34-37). In
the Massachusetts Male Aging Study, low concentrations of
testosterone predicted incidence of diabetes. The odds ratio
for future diabetes was 1.58 for a decrease of one standard
deviation in the concentration of free testosterone (4 ng/dl)
and 1.89 for a decrease of one standard deviation in the
concentration of SHBG (16 nmol/liter), both significant find-
ings (35). Men with concentrations of serum dehydroepian-
drosterone sulfate (DHEAS) in the lowest quartile at baseline
(<1.6 ng/ml) were significantly more likely to develop cor-
onary heart disease during the follow-up (adjusted odds
ratio = 1.60, 95 percent confidence interval: 1.07, 2.39),
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independently of known coronary risk factors (38). In the
Rancho Bernardo cohort, the one prospective study that
included both women and men, highly significant and
opposite predictive roles for plasma testosterone were
observed in the sexes (34). The odds ratio of developing
type 2 diabetes mellitus among women with a concentration
of bioavailable testosterone in the highest quartile was 2.9
(95 percent confidence interval: 1.1, 8.4) compared with
women with lower concentrations, while men with concen-
trations of testosterone in the lowest quartile had a risk of
type 2 diabetes mellitus nearly triple that of men with higher
concentrations. Taken together, accumulating evidence indi-
cates that androgens may exhibit a sexual dimorphism with
respect to coronary heart disease risk, with elevated con-
centrations in women and lower concentrations in men
increasing the risk.

On an a priori basis, one might assume that the associa-
tions between the different expressions of androgen activity
(acne, alopecia, hirsutism, and shaving frequency) and cor-
onary heart disease risk should be reasonably congruent.
Thus, the lack of concordance in the association between
acne and coronary heart disease risk in this study and that
between alopecia and coronary heart disease risk reported in
other studies are perplexing and difficult to explain. Previ-
ous studies are reasonably consistent in reporting that alo-
pecia is associated with an increased risk of cardiovascular
disease, especially in younger men (39). Perhaps in the
case of alopecia, the associations do not reflect an effect
of excess androgen activity but rather another physiologic
mechanism. Alternatively, these markers may not reflect
androgen pathophysiology and instead capture some other
interrelated mechanisms with which sex hormones are asso-
ciated (possibly through genetic linkage). An evaluation of a
possible interaction between body mass index and acne would
have been of interest as well, because of the likely interactions
between steroid hormone and adipocyte cytokines.
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As in any epidemiologic study, a critical assessment of
the dependent, exposure, and confounding variables is
needed. Incidence, mortality, or both are the main types of
endpoints used in prospective studies. Incidence and mor-
tality may often yield similar results, especially in situations
where mortality is high and relatively rapid after a diagnosis.
When survival rates are high, however, those who died may
have had more severe disease and may have been less rep-
resentative of the larger group of participants who devel-
oped the disease. If an exposure is more prevalent among
fatal cases of a disease than among nonfatal cases, a measure
of association based on fatal cases should produce higher
estimates than one based on all incident cases. For example,
data from the Surveillance, Epidemiology, and End Results
Program in the United States show that the 5-year survival
rate for prostate cancer among White men increased from 50
percent during 1960—-1963 to 100 percent during 1995-2000
(40). Case-fatality rates for cardiovascular disease have
been declining in many countries including Scotland (41).

In the Glasgow Alumni Cohort Study, mortality was de-
termined through the use of an administrative database. Al-
though the authors do not provide statistics about the validity
of these records, outcomes based on information from death
certificates and administrative databases are used commonly
and successfully in epidemiologic studies. Unless there is
reason to believe that the inherent misclassification of using
such records differed by exposure status, the measures of
association should be largely unaffected. By reporting in
greater detail the associations for the other covariates such
as age, smoking, and systolic blood pressure, the authors
could have lent additional credence to the mortality data.

Various scales to grade the severity of acne exist (42—44).
These were not available to the authors who had to rely in-
stead on a relatively crude measure of acne. Some questions
remain about the manner in which acne was assessed during
a student’s visit to the health services. Although the authors
note that a history of acne was obtained from a questionnaire,
greater detail about whether students had to run down
a checklist of conditions or whether there was a specific
question about acne would have been helpful. As the authors
point out, no additional information about the acne was soli-
cited from the students. Thus, it is not clear whether students
had acne at the time of the visit or had experienced it earlier
in their life. The prevalence of acne was 18.0 percent in the
Glasgow Alumni Cohort Study, and the authors assumed that
the presence of acne probably represented severe acne. Per-
haps as likely is the possibility that acne may have repre-
sented a more complete clinical spectrum of this skin
condition. The percentage of adolescents who have acne
may be as high as 90 percent (45). In a study from Hamburg,
Germany, the prevalence of acne diagnosed during a derma-
tologic examination was 61.7 percent among participants
aged 14-19 years and 64.0 percent among participants aged
20-29 years (46). Furthermore, 75.4 percent of all partici-
pants aged 1-87 years had no acne, 21.7 percent had mod-
erate acne, and 2.9 percent had severe acne. In another study
of New Zealand senior high school students, 91 percent of
male participants and 79 percent of female participants had
acne based on a physical examination, and 6.9 percent of
males and 1.1 percent of females had severe acne (47).

Because the effect sizes reported by Galobardes et al. (7)
were modest, a key issue is how these authors controlled for
potential confounders. Selecting an appropriate set of con-
founding variables can make or break an epidemiologic
analysis. The authors seem to have approached their discus-
sion about the possible impact of confounders they were
unable to include in their analyses by assuming that candi-
date confounders had to confound simultaneously any asso-
ciation between acne and the various outcomes. However,
such an assumption depends on a correct understanding of
the specific causal model that cannot be readily verified. A
variable may well confound only the relation of acne to
a particular outcome but not to another outcome, and a
different confounder could do the opposite. Consequently,
we are reluctant to endorse the authors’ conclusion that
‘... confounding does not explain the pattern of mortality
observed in our study” (7, p. 1099).

Given the multiple outcomes in the analysis of the Glas-
gow Alumni Cohort Study, different sets of confounding
variables may have been needed. The authors adjusted for
the date of the examination, measures of socioeconomic
status, the number of siblings, height, body mass index,
smoking status, and systolic blood pressure. With regard
to cardiovascular disease, several key risk factors were not
included, notably, concentrations of lipids and diabetes. Ad-
ditional risk factors that might have been considered are
family history of cardiovascular disease, inflammatory pa-
rameters, alcohol use, and dietary nutrients or patterns.
Some and perhaps all of these variables were probably not
collected. Even if data had been available for these varia-
bles, their inclusion may not have altered the findings in
a meaningful way.

The authors discuss and dismiss several potential sources
of confounding: socioeconomic status and smoking status
that they did adjust for, diet, use of antibiotics, and unspeci-
fied behavioral factors. Although the relation between diet
and acne continues to be controversial (48), we are less
willing to dismiss dietary factors as possible confounders.
Diets are complex, and their actions on organ systems need
not be uniform. For example, increased intake of alpha-
linolenic acid may protect against cardiovascular disease
(49) but also may increase the risk of prostate cancer (50).
However, a particular dietary factor need not both lower the
risk of cardiovascular disease and increase the risk of pros-
tate cancer.

Because this study was conducted among men only, fu-
ture studies should include more diverse populations includ-
ing women, so that the potential sexual dimorphism in the
effects of androgens on cardiovascular risk can be evaluated.
A better definition of acne is clearly desirable, and including
experts in this field to develop study questionnaires or to
conduct examinations deserves serious consideration. A
more precise definition of endpoints that includes incidence
as well as mortality will help to minimize misclassification
from this source. Including a proper set of potential con-
founding variables is also critical in the evaluation of any
association between acne and health outcomes. If androgen
activity is reflected in the severity of acne (perhaps less so in
men than in women), examining severity as a predictor of
health outcomes should also be attempted, especially in

Am J Epidemiol 2005;161:1102—-1106



Acne and Mortality 1105

women. If the genesis of conducting studies of the associa-
tions between acne status and future risk of disease is to
evaluate the possible role of endogenous sex hormones,
we submit that it would be most fruitful to directly and
comprehensively assess sex-hormone status or activity and
their related gene variants in prospective studies with sam-
ples of blood and DNA.

At present, despite much biologic research on the effects of
these hormones on the vascular system, no clear relation has
yet been firmly established between endogenous sex hor-
mones and coronary heart disease risk. The scientific issues
related to estrogen offer a case in point for this complexity.
Although low estrogen levels had long been proposed as an
explanation for the dramatic rise in coronary heart disease risk
after menopause (51), coronary heart disease risk was dem-
onstrated to increase significantly in postmenopausal women
given exogenous estrogen therapy in later randomized trials
(52), suggesting that higher estrogen levels may actually in-
crease risk. Constrained by the prevailing knowledge and
technology at the time of its development and inception, this
study, like almost all epidemiologic studies, is subject to var-
ious limitations, especially when viewed critically through
a scientific magnifying loop many years later. Building on
previous research, however, a new generation of epidemio-
logic studies will expand the boundaries of our knowledge
about the links between sex hormones and disease.

REFERENCES

. Savin JA. Osler and the skin. Br J Dermatol 2000;143:1-8.

2. Frank ST. Aural sign of coronary-artery disease. N Engl J Med
1973;289:327-8.

3. Rosenman RH, Brand RJ, Sholtz RI, et al. Relation of corneal
arcus to cardiovascular risk factors and the incidence of cor-
onary disease. N Engl J Med 1974;291:1322-4.

4. Herrera CR, Lynch C. Is baldness a risk factor for coronary
artery disease? A review of the literature. J Clin Epidemiol
1990;43:1255-60.

5. Miric D, Fabijanic D, Giunio L, et al. Dermatological indica-
tors of coronary risk: a case-control study. Int J Cardiol
1998;67:251-5.

6. Schnohr P, Lange P, Nyboe J, et al. Gray hair, baldness, and
wrinkles in relation to myocardial infarction: the Copenhagen
City Heart Study. Am Heart J 1995;130:1003-10.

7. Galobardes B, Davey Smith G, Jeffreys M, et al. Acne in
adolescence and cause-specific mortality: lower coronary heart
disease but higher prostate cancer mortality: the Glasgow
Alumni Cohort Study. Am J Epidemiol 2005;161:1094-101.

8. Parnes HL, Thompson IM, Ford LG. Prevention of hormone-
related cancers: prostate cancer. J Clin Oncol 2005;23:368-77.

9. Eaton NE, Reeves GK, Appleby PN, et al. Endogenous sex
hormones and prostate cancer: a quantitative review of pro-
spective studies. Br J Cancer 1999;80:930-4.

10. Shaneyfelt T, Husein R, Bubley G, et al. Hormonal predictors
of prostate cancer: a meta-analysis. J Clin Oncol 2000;18:
847-53.

11. Malkin CJ, Pugh PJ, Jones RD, et al. Testosterone as a pro-

tective factor against atherosclerosis—immunomodulation

and influence upon plaque development and stability. J En-
docrinol 2003;178:373-80.

Am J Epidemiol 2005;161:1102—-1106

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Wu FC, von Eckardstein A. Androgens and coronary artery
disease. Endocr Rev 2003;24:183-217.

Muller M, van der Schouw YT, Thijssen JH, et al. Endogenous
sex hormones and cardiovascular disease in men. J Clin En-
docrinol Metab 2003;88:5076-86.

Phillips GB. Relationship between serum sex hormones and
glucose, insulin, and lipid abnormalities in men with myo-
cardial infarction. Proc Natl Acad Sci U S A 1977;74:
1729-33.

Lichtenstein MJ, Yarnell JW, Elwood PC, et al. Sex hormones,
insulin, lipids, and prevalent ischemic heart disease. Am J
Epidemiol 1987;126:647-57.

Seidell JC, Bjorntorp P, Sjostrom L, et al. Visceral fat accu-
mulation in men is positively associated with insulin, glucose,
and C-peptide levels, but negatively with testosterone levels.
Metabolism 1990;39:897-901.

Pasquali R, Casimirri F, Cantobelli S, et al. Effect of obesity
and body fat distribution on sex hormones and insulin in men.
Metabolism 1991;40:101-4.

Simon D, Preziosi P, Barrett-Connor E, et al. Interrelation
between plasma testosterone and plasma insulin in healthy
adult men: the Telecom Study. Diabetologia 1992;35:173-7.
Phillips GB. Relationship between serum sex hormones and
the glucose-insulin-lipid defect in men with obesity. Metabo-
lism 1993;42:116-20.

Haffner SM, Valdez RA, Mykkanen L, et al. Decreased tes-
tosterone and dehydroepiandrosterone sulfate concentrations
are associated with increased insulin and glucose concentra-
tions in nondiabetic men. Metabolism 1994;43:599-603.
Haffner SM, Karhapaa P, Mykkanen L, et al. Insulin resis-
tance, body fat distribution, and sex hormones in men. Dia-
betes 1994;43:212-19.

Barrett-Connor E, Khaw KT. Endogenous sex hormones and
cardiovascular disease in men. A prospective population-based
study. Circulation 1988;78:539-45.

Goodman-Gruen D, Barrett-Connor E. Sex differences in the
association of endogenous sex hormone levels and glucose
tolerance status in older men and women. Diabetes Care
2000;23:912-18.

Chang TC, Tung CC, Hsiao YL. Hormonal changes in elderly
men with non-insulin-dependent diabetes mellitus and the
hormonal relationships to abdominal adiposity. Gerontology
1994;40:260-7.

Vermeulen A, Kaufman JM, Giagulli VA. Influence of some
biological indexes on sex hormone-binding globulin and an-
drogen levels in aging or obese males. J Clin Endocrinol
Metab 1996;81:1821-6.

Haffner SM, Valdez RA, Stern MP, et al. Obesity, body fat
distribution and sex hormones in men. Int J Obes Relat Metab
Disord 1993;17:643-9.

Khaw KT, Barrett-Connor E. Lower endogenous androgens
predict central adiposity in men. Ann Epidemiol 1992;2:
675-82.

Marin P, Krotkiewski M, Bjorntorp P. Androgen treatment of
middle-aged, obese men: effects on metabolism, muscle and
adipose tissues. Eur J Med 1992;1:329-36.

Simon D, Charles MA, Lahlou N, et al. Androgen therapy
improves insulin sensitivity and decreases leptin level in
healthy adult men with low plasma total testosterone:

a 3-month randomized placebo-controlled trial. Diabetes
Care 2001;24:2149-51.

Haffner SM, Dunn JF, Katz MS. Relationship of sex hormone-
binding globulin to lipid, lipoprotein, glucose, and insulin
concentrations in postmenopausal women. Metabolism 1992;
41:278-84.



1106 Ford and Liu

31.

32.

33.

34.

35.

36.

37.

38.

39.

Lapidus L, Lindstedt G, Lundberg PA, et al. Concentrations
of sex-hormone binding globulin and corticosteroid binding
globulin in serum in relation to cardiovascular risk factors
and to 12-year incidence of cardiovascular disease and overall
mortality in postmenopausal women. Clin Chem 1986;32:
146-52.

Birdsall MA, Farquhar CM, White HD. Association between
polycystic ovaries and extent of coronary artery disease in
women having cardiac catheterization. Ann Intern Med 1997;
126:32-5.

Haffner SM, Moss SE, Klein BE, et al. Sex hormones and
DHEA-SO, in relation to ischemic heart disease mortality in
diabetic subjects. The Wisconsin Epidemiologic Study of
Diabetic Retinopathy. Diabetes Care 1996;19:1045-50.

Oh JY, Barrett-Connor E, Wedick NM, et al. Endogenous sex
hormones and the development of type 2 diabetes in older men
and women: the Rancho Bernardo Study. Diabetes Care
2002;25:55-60.

Stellato RK, Feldman HA, Hamdy O, et al. Testosterone,

sex hormone-binding globulin, and the development of type 2
diabetes in middle-aged men: prospective results from the
Massachusetts Male Aging Study. Diabetes Care 2000;23:
490-4.

Haffner SM, Shaten J, Stern MP, et al. Low levels of sex
hormone-binding globulin and testosterone predict the devel-
opment of non-insulin-dependent diabetes mellitus in men.
MRFIT Research Group. Multiple Risk Factor Intervention
Trial. Am J Epidemiol 1996;143:889-97.

Tibblin G, Adlerberth A, Lindstedt G, et al. The pituitary-
gonadal axis and health in elderly men: a study of men born in
1913. Diabetes 1996;45:1605-9.

Feldman HA, Johannes CB, Araujo AB, et al. Low dehydro-
epiandrosterone and ischemic heart disease in middle-aged men:
prospective results from the Massachusetts Male Aging Study.
Am J Epidemiol 2001;153:79-89.

Rebora A. Baldness and coronary artery disease: the derma-
tologic point of view of a controversial issue. Arch Dermatol
2001;137:943-17.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Ries LAG, Eisner MP, Kosary CL, et al, eds. SEER cancer
statistics review, 1975-2001. Bethesda, MD: National Cancer
Institute, 2004. (http://seer.cancer.gov/cst/1975_2001/).
Capewell S, Livingston BM, Maclntyre K, et al. Trends

in case-fatality in 117 718 patients admitted with acute
myocardial infarction in Scotland. Eur Heart J 2000;21:
1833-40.

Pillsbury DM, Shelley WB, Kligman AM. Acne, acneiform
eruptions and rosacea. In: Textbook of acne: morphogenesis
and treatment. Philadelphia, PA: WB Saunders, 1956.

Burke BM, Cunliffe WJ. The assessment of acne vulgaris—
the Leeds technique. Br J Dermatol 1984;111:83-92.

Drake LA. Guidelines of care for acne vulgaris. ] Am Acad
Dermatol 1990;22:676-80.

Stathakis V, Kilkenny M, Marks R. Descriptive epidemiology
of acne vulgaris in the community. Australas J Dermatol
1997;38:115-23.

Schafer T, Nienhaus A, Vieluf D, et al. Epidemiology of
acne in the general population: the risk of smoking. BrJ
Dermatol 2001;145:100—4.

Lello J, Pearl A, Arroll B, et al. Prevalence of acne vulgaris in
Auckland senior high school students. N Z Med J 1995;108:
287-9.

Magin P, Pond D, Smith W, et al. A systematic review of the
evidence for ‘myths and misconceptions’ in acne manage-
ment: diet, face-washing and sunlight. Fam Pract 2005;22:
62-70.

de Lorgeril M, Salen P. Alpha-linolenic acid and coronary
heart disease. Nutr Metab Cardiovasc Dis 2004;14:162-9.
Astorg P. Dietary n-6 and n-3 polyunsaturated fatty acids and
prostate cancer risk: a review of epidemiological and experi-
mental evidence. Cancer Causes Control 2004;15:367-86.
Mendelsohn ME, Karas RH. The protective effects of estrogen
on the cardiovascular system. N Engl J Med 1999;340:
1801-11.

Manson JE, Hsia J, Johnson KC, et al. Estrogen plus progestin
and the risk of coronary heart disease. N Engl J] Med 2003;
349:523-34.

Am J Epidemiol 2005;161:1102—-1106


http://seer.cancer.gov/csr/1975_2001/

