Low testosterone levels, depressive symptoms, and falls in older men: a cross-sectional study
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Abstract

Objectives: While several studies have cited a potential dadon between testosterone deficiency and ristalts among
community-dwelling older men, evidence for suchagsociation is conflicting. Depressive symptomsictvtoccasionally
accompany testosterone deficiency but which arenofieglected as associated symptoms, may actuaiyole falls
independent of or jointly with testosterone deficig. We examined the association between testosidevels, depressive
symptoms, and falls and assess the joint effetdstbsterone levels and depressive symptoms arafiabng older men.
Design, Setting, and Participants: Data for this cross-sectional study were obtaimechf869men aged over 60 years from
2 Japanese municipalities who participated in heeliteck-ups conducted in 2010. Salivary testosee(sii) levels were
measured using an enzyme-linked immunosorbent aasdydepressive symptoms were assessed via thefatmo of the
Center for Epidemiologic Studies Depression Scale.

Main outcome measures. Self-reported “any fall” over the one-month period.

Results: Among the total of 482 participants analyzed (raadige: 70 years), 10.8% reported any fall. On ewispn
between 90-percentile sT levels and lower levels, logistic regression model with restricted cubplines showed that
lower sT levels were associated with an increadediHood of suffering any fall after adjustmentr fesociodemographic
characteristics, comorbidities, and mobility fupati For example, 5-percentile sT was associated avity fall (adjusted
odds ratio [OR], 4.23 [95% confidence interval {C1}.66-10.8]). Depressive symptoms were also styomgsociated with
any fall (adjusted OR, 3.49 [95% ClI, 1.52-8.04])e WWboted no apparent interaction of sT and depressimptoms with falls
(P = 0.079), suggesting that the joint effect atdsterone deficiency and depressive symptomslisnwas multiplicative.
Indeed, compared with a combination of 90-percersil values and no depressive symptoms, adjustefbiCdry fall in a
combination involving 5-percentile sT and depressymptoms was 14.8-fold (95% CI, 3.76-58.0).

Conclusion: Our findings indicated that both relatively lowstesterone levels and presence of depressive sympiere
independently associated with falls among older .m@ausality of these associations should be cosefirim future

prospective studies.

I ntroduction

Falls are a serious public health problem, with thirel of community-dwelling individuals aged ov@s years falling
at least once annuallpand with 5% to 10% of falls resulting in fractuhead injury, or other serious injuriegVhile falls in
older individuals are multifactorial, age-relategcline in lower extremity strength or mobility fuian are recognized as
important contributor&”® Separately, age-related decline in testosteromelslein men is a growing concern, with
approximately 30% of men aged 40-79 years showérsgosterone deficienéyHowever, while previous studies have
suggested that low testosterone levels are assdoiith reduced extremity strength or mobility ftian in older merf; ®

relatively few have examined the association betwew testosterone levels and falls, with confligtiresults despite the



ostensibly plausible biological connections.

One concern with these previous studies examiriegélationship between testosterone deficiencyfaliglis their
lack of consideration for presence of depressivenpsgms’™' Testosterone-deficient individuals are likely tavh
concurrent depressive symptofigind depressive symptoms are also associated allsti One study found no association
between testosterone levels and incident falls afffistment for confounders including depressiragtoms® suggesting
the potential importance of examining the effedttestosterone deficiency on falls independentegrdssive symptoms. In
addition, if both testosterone deficiency and dsgike symptoms are proven to be associated wit) fahether or not men
with both testosterone deficiency and depressive symptomsnare likely to suffer falls than those with eitlo®ndition
alone would also be of clinical relevance, as thedé/iduals are likely to be seen by physicianecglized in treating
testosterone deficiend§.™

Here, to examine whether or not testosterone @eiigi and depressive symptoms are independentlgiatsib with
falls in community-dwelling older men, we analyzdata from the Locomotive Syndrome and Health OutamAizu
Cohort Study (LOHAS). We further evaluated how #teength of the association between the compositestosterone

deficiency and depressive symptoms and falls gelaor smaller than the product of the strengtthefassociation between

testosterone deficiency and fall and that betwesmatsive symptoms and falls.

Method

Our cross-sectional study was approved by the Resdzthics Committee of Fukushima Medical Universgichool of

Medicine. The LOHAS is a population-based studydemted starting in 2008 involving residents ageeB@0/ears who
participated in annual health check-ups among twomunities (Tadami and Minamiaizu Towns) in FukoshiPrefecture,
Japan. Eligibility criteria for this study were ‘&) over 60 years” and “participated in the healieck-up conducted in
2010”". No exclusion criteria were set. All partiaigs provided written informed consent. Detailstleé design of the

LOHAS have been reported previously.

Measurement of salivary testosterone

Salivary concentration of testosterone (sT) wasnhé exposure, measured using an enzyme-linkedimosorbent assay
(ELISA) on the RE52631 system (IBL International iy Hamburg, Germany) and expressed in pg/mL (toved to
picomoles per liter, multiply by 3.47). sT refletit® level of free testosterone in plasma. Saliga eollected in the morning,
at least 30 minutes after breakfast. Participale@ned their mouth out with water gently and wesleed to avoid brushing
their teeth. All subjects collected whole saliva thyectly spitting into polypropylene tubes throughpolypropylene
straw-tube. If a subject had little saliva, he wastructed to chew gum prepared specially for sakellection. The

supernatants of saliva obtained after centrifugati@000xg, 10 min) were kept at —80 °C for furtlaalysis. sT was



measured in the laboratory of Teikyo UniversityKYo, Japan). For men aged 20-40 years, median $39g! pg/ml (10th
to 90th percentile, 43.8-288.0 pg/ml). The intrad anter-assay coefficients of variance were 3.98848and 6.7%-8.0%,
respectively. Slight cross-reactions with otherurat steroids in the human body and their profilesre as follows:

dihydrotestosterone, 2.5%; androstenedione, 0.88€rs, <0.1%’

Depressive symptoms

Depressive symptoms were considered as secondaogres in light of their usefulness in predictialy risk according to
the literature and their potentially close assomiatvith testosterone deficienéy*? Depressive symptoms were assessed
using the 10-item version of the Center for Epid#agical Studies Depression Screening Index (CESFDg cutoff score
for depressive symptoms was set as a score of Ifreater, as was recommended in the literdfurhile data on
physician-diagnosed depression was unavailableeil OHAS study, we assumed its use would consitietatulerestimate
the true proportion of depression, as previousistudave shown that depression is underdiagnoseel often by Japanese

physicians than those in other countries due ¢pretirelated to psychiatric disorders within Japarsesiety® 2°

Clinical outcomes

We examined “any fall over a one-month period”tas ¢linical outcome based on subjects’ answerkdajtiestion, “Over
the past year, have you fallen down?” to establ&h history. Subjects who responded, “Yes”, wehert asked the
follow-up question, “How many times have you falldown over the past month?” with responses of “z€etonce”,
“twice”, or “three or more times” allowed. Those avieported at least “once” were considered to teage“any fall” over
the previous month. Regarding our decision to erarfills over the previous month rather than tlevipus year, we felt
that reverse-causality would be more unavoidableefwere to use fall over the past year rather thanpast month in
investigating relationship with present sT leveidaa systematic review has suggested that recdbithgexperience at a

one-year interval might underestimate true falldeace compared to recalling incidence at a onetmioterval.?*

Measurement of potential confounding variables

Potential confounding variables examined in thesg@mné study were sociodemographic characterist@dading age, exercise
habit, and living alone, as well as the presenceeoébrovascular disease and the presence of inenog, all obtained via

self-reported questionnaire; body mass index anddpressure, as measured by local nurse praetiiphypertension,

defined as systolic blood pressurel40 mmHg and diastolic blood press@re90 mmHg or by individuals reporting
attending a physician for treatment; diabetesneefias having glycosylated hemoglobin valu€s1%, as described by the
Japanese Diabetes Society (equivalernt 5% described in National Glycohemoglobin Stadization Program [NGSP]

value$?) or by individuals reporting attending a physicfantreatment; and Timed Up and Go (TUG) testiviaials were



considered to engage in exercise if they answeYed™to the question concerning whether or not thag participated in

moderate physical activity (making the individuakdéithe somewhat harder than normal and includitugtfns such as
carrying light loads, bicycling at a regular pasedoubles tennis) in the previous seven diegividuals were considered to
have incontinence if they answered “once a weakame” to the question of whether or not they lealdde because they
could not defer the sudden urge to urinate. The T&Hg in which individuals are timed when risimgrh a chair, walking 3

m, and turning to return to sit on the chair, issidered to be a reflection of function in gaitldoae, and mobiliﬁf’ with a

greater score indicating more mobility problems.

Satistical analysis

Participants with complete data were entered intmary analyses. Statistical analyses were condugseng Stata version
11.0 (Stata Corp., College Station, TX, USA). s@pmssive symptoms, sociodemographic charactstist@morbidities,
TUG, and any fall over the previous month were dbsd. Box plots for ST stratified by age categeneere also created.
Effect measures in the present study were oddssréfiRs) of sT and depressive symptoms for likelihof having any fall
in the past month estimated using logistic regogssiodels. To estimate adjusted ORs, the potertigfiounding variables
described above were simultaneously forced intartbdels along with sT and depressive symptoms.

Given that the association of sT (as continuougakies) and falls might have been non-linear, ah swn-linear
relationships are well-established for several lwvah systems in the endocrinology literature, ssjgamodels were
constructed to assess the shape of the assodiiaeen sT and falls, where sT was included as (ibear variable, (2) a
log-transformed variable, (3) a transformation gsiestricted cubic splines with 3 knots, and (4uintiles. To assess the
fitness of these models, the Akaike Informationé®idn (AIC), which is a likelihood-based measurattadds a penalty for
model complexity, were reportéd.

While nonlinear models were superior to the linmadel in terms of the AIC, the 5-quintile model ahd restricted
cubic spline model were similar to one another [@&1). We therefore chose the restricted cubioesphodel for primary
analysis, as this model provided a good fit and th@smost parsimonious, and we based all furthgimgg on it. In this
model, the 90th percentile of sT was chosen adamerece, as it corresponds to the median of thhdsigquintile. The
potential effect modification of depressive sympsoom the association between sT and any fall dwvemptevious month
was examined by likelihood ratio test, adding iat¢ion pair (the product terms of sT with depressymptoms) to the

logistic regression models.

Sensitivity analysis
In addition to the above, we also conducted tweitigity analyses. First, the association betweEmisd fall was reported,

with 5 quintiles of sT included, citing the top egory of the quintiles as reference. Second, thecition between sT and



falls was examined including 280 participants witlssing covariate values. In this analysis, regd@ubic splines with 3
knots were used with adjustment for covariatedhéamissing indicator method. Third, CES-D was usedxposure instead
of depressive symptoms, and the association betv@e®-D score and fall was examined. P<0.05 was ideresl

statistically significant.

Results

Of the 869 men who underwent the health check g¥fagure 1), 58 and 13 participants were missin@ dat sT and any
falls, respectively. After exclusion of 36 partiaids with poor-quality saliva specimens (due ta@atpate amount obtained
or suspected blood contamination), 762 (87.7%) ma&dawith both sT and outcome variables. After egidn of a further
280 participants with at least one confoundingalale missing, the remaining 482 participants wétienately entered into
the primary analyses.

Baseline characteristics are presented in Tabletlian age in the present study was 70 years (b@Bth percentile,
63-78 years). The prevalence of hypertension aalbleties were 69.3% and 14.5%, respectively. Medianas 58.7 pg/ml
(10th to 90th percentile, 26.3-146 pg/ml). Box plfuir ST showed that median sT was highest amarggthged 60-64 years
and lowest among those aged over 80 years (Figufeh2 prevalence of depressive symptoms was 1118 prevalence
of any fall over the previous month was 10.8%.

Sociodemographic characteristics were similar betwgarticipants with and without missing confourgdirariables
(Table S2) except for exercise habit. As a grogirtsT, TUG value, proportion with depressive syongs, and proportions
of any fall over the one-month period examined wanailar. As a group, baseline characteristics sgnaarticipants in the
primary analysis set were similar to those amonglevlolder men, except for with respect to exerbiabit, age (slightly
younger), and TUG value (slightly lower)(Table S3).

In the covariate-adjusted restricted cubic spliredleh, the splines demonstrated a nonlinear relstipnbetween sT
and falls (P=0.0021 for non-linearity). The estieththape of the sT is shown in Figure 3, suggestiagthe lower the sT
level, the greater the likelihood of having any,faiting 90 percentile of ST as a reference. Is thodel, the adjusted ORs
of depressive symptoms for any fall were 3.49 (9&8afidence interval [CI] 1.52-8.04). We noted naent effect
modification by depressive symptoms on the assooidéetween the sT and any fall (P=0.079 for inttoa).

To estimate the strength of the association of doation of ST levels and depressive symptoms, esédhodds
ratios of combination of a given sT and depressiuaptoms were shown in Table 2. Compared with 30qmile of ST,
lower sT is associated with greater likelihood a¥ing any fall. For example, OR for any fall in &rpentile of sT is 4.23
fold (95%CI 1.66 - 10.8). Compared with combinata®0 percentile of ST and no depressive sympt@®sfor any fall in
combination of 5 percentile sT and depressive sgmptis 14.8 fold (95%CI 3.76 - 58.0).

In sensitivity analysis using sT quintiles citifgettop quintile as reference, the lowest quintflsDis associated



with greater likelihood of having any fall (Tablel)S Similarly, depressive symptoms were associatithl an increased
likelihood of having any fall, although this quietimodel performed only slightly worse than therspimodel (Table S1).
Another sensitivity analysis using a restricted icufpline model among 762 participants showed ammé@ssociations
between sT and increased ORs for any fall (Figiie When CES-D was used as exposure instead ofskpe symptoms,

CES-D score was associated with any fall (Table S5)

Discussion

In this cross-sectional study of community-dwellioider men, low testosterone levels were indepethdassociated with
any falls over the previous month. We also obsearethcreased association between depressive symaptith any fall. In
addition, combination of low testosterone levelsl aepressive symptoms had stronger association falih than either
parameter alone. These findings suggest that igimécshould be aware of the increased risk of fallslder men with
testosterone deficiency or depressive symptoms.

Our findings regarding the relationship between testosterone levels and increased likelihood lbhgaconcur with
results from previous studies. A study in Francemrgnadults aged 50-85 years found that low fresterone levels were
associated with increased likelihood of sufferiadjsf over the last year (OR of decreased levelreé testosterone vs.
normal level: 1.54%" Similarly, reduced bioavailable testosterone Ilevelere found to be associated with increased
likelihood of suffering falls in the future amongldts in the US aged 65-99 years (risk ratio of ltheest quartile of
bioavailable testosterone vs. the highest quarfild0)!® Other studies also noted an association betweentdtal
testosterone levels and increased likelihood desuaf falls in the future among adults in the UWfg@ over 65 years (OR of
the highest quartile of total testosterone vsldhest quartile: 0.223.

However, conflicting results have also been repbrior example, a study in the Netherlands notedgswciation
between total testosterone levels and incidens fathong adults aged 65-88 yeHrSuch conflicting findings may be
explained in part by differences between measuattions of circulating testosterone and ones imroercial assays, as
well as by inclusion of depressive symptoms ane@rmtionfounding factors for adjustment. As suchtaased likelihood of
suffering a fall among individuals with low testesine levels may due to their increased likelihobthaving depressive
symptoms in studies where such symptoms are nessad. Only in the Netherlands study evaluatedretaionship
between testosterone level and falls, with statistadjustment for presence of depressive symptémaddition to these
previous findings, our present findings here furteted that joint effect of low testosterone Ievahd depressive symptoms
on falls in combination compared with the jointarince category (90 percentile of ST and no depeesymptoms) had
multiplicative effect on falls (i.e. each exposureas independently associated with falls). In addjtusing splines, we
noted a continued increase in risk of falling ameunpjects with relatively low testosterone levélgdefinition, quartiles or

quintiles cannot detect an increase in risk betoava3' centile or 28 centile of exposure, respectivély.



We feel that our findings here will influence thatigities of physicians and health-policymakersdeveral reasons.
First, both low testosterone levels and depressyweptoms are potentially modifiable risk factors falls. Testosterone
deficiency can be managed with testosterone replece therapy, and depressive symptoms can be ndnage a
combination of cognitive behavioral therapy andidepressants; individuals with both testosteronéicidacy and
depressive symptoms may be able to manage theditmn with a combination of these therapies. Ptigsis who
encounter individuals with suspected testosterafecidncy should therefore carefully assess theasgiree of depressive
symptoms to reduce further risk of falls. An intional survey conducted among physicians treatagjosterone
deficiency showed that depressive symptoms areidenesl to be one of main symptoms, other than dexuudblems,
related to testosterone deficiency—a finding whilpports the potential coexistence of depressivapgyms with
testosterone deficien¢y.Second, screening for low testosterone levelkérstliva using ELISA may be a reasonable health
plan for community-dwelling older men to stratifyetfall risk, as ELISAs are more cost-efficient (& sample) and easier
to perform than radioimmunoassay and liquid chroma@phy/mass spectrometfyThird, any biological connection
between low testosterone levels and falls may 8epgandent of mobility function, as we estimatedréiationship between
testosterone and falls with adjustment for TUG, alhieflects gait, balance, and mobility. For exampéduced cognitive
function may be involved as a non-mobility-relatetérmediate pathway, as low testosterone levelg Imaassociated with
visuospatial ability or vigilanc#: %

Several strengths to the present study warrantiamerfirst, we demonstrated the relationship betwestosterone
and falls among community-dwelling older adultsjuating for confounding variables such as depressiymptoms and
TUG, which are potentially related to both testomte and falls. Second, we showed that the stresfgthe association
between combination of low testosterone level aegressive symptoms and falls might be larger theat of low
testosterone or depressive symptoms alone; spbjfithe strength of the association appears techal to the product of
the two exposures in terms of OR. These findingside a basis for thoughtful consideration of hawdduce risk of falls
in older men with both testosterone deficiency depressive symptoms.

However, several limitations to the present studyp avarrant mention. First, although sT is a rdéadnd suitable
metric for evaluating testosterone levels in popotebased studi€s;*! the clinical guideline for the diagnosis of
hypogonadism does not recommend its clinical uséh@ methodology has not been standardized aridradie ranges are
not yet available in most hospital or referencetatories’” Therefore, in actual clinical practice, serumdsttrone levels
should be measured to diagnose hypogonadism. Fystiespective studies are warranted to determinetiven or not
late-onset hypogonadism diagnosed via serum testi@pressive symptoms are jointly associated wsith. fThe prevalence
of late-onset hypogonadism is also known to righ imicreasing body mass index (BMI) and numberoafxésting illnesses.
Median BMI in our population was much lower thanamevalues reported in western countfiés!® However, a study

among Korean men aged 21-79 years showed thatulijects’ mean BMI was 24.5, and that even in theeki quintile by



serum testosterone level (113-378 ng/dL), BMI wa22® Given these previous findings, hypogonadism amasign
people diagnosed by blood testing may be found gmnodividuals with relatively low BMI more often @ among
Caucasians with BMI in the same range. Furthergsendocrine specialists question the validity ohefasured by ELISA.
However, previous studies have shown that sT leobtained via ELISA share good correlation withstmbtained via
liquid chromatography/mass spectroméfrgnd sT has also been shown to be closely cordelatserum free testosterotfe.
However, in addition to differences noted basedassay adopted, blood contamination in saliva majko influence
testosterone concentratidhAs such, in the present study, saliva with suggktiood contamination was excluded from
analyses. Even taken together with these drawbackgever, utilization of sT still facilitates easitonducted, minimally
invasive screening methods for evaluating testosterevels on a population basis. Second, non-ppéisnial use of
testosterone or methyl-testosterone could not berded. However, use of such medication in our fadjun is unlikely, as
these compounds require a physician’s prescriptéor are not available as over-the-counter drug&apan. Third, the
cross-sectional design of the present study mehat we cannot attribute causality from the assioriat between
testosterone and depressive symptoms and fallsleWwWe believe that low testosterone being a causélbng is
biologically plausible, association between lowtdsterone or depressive symptoms and falls miglexipdained by reverse
causality. Fourth, we were unable to include othedication usage and all chronic conditions inanalyses, and given that
use of antihypertensives, sedatives, or antidepnéssare also potential risk factors for fAll¥ the association between
salivary testosterone and falls in the presentystuigjht be confounded by these factors. To mitights limitation, we
adjusted for individuals with hypertensive probler&ffect of depressive symptoms on falls might bediated partly by
sedatives or antidepressants, as individuals wipressive symptoms are often prescribed these sagéné literature
suggests that use of serotonin selective reuptaiibiior is indeed associated with increased sajit@stosterone levefé,
and that serotonin selective reuptake inhibitoagsociated with falls*® However, given that we adjusted for depression
symptoms, we therefore believe it unlikely that @sgociation between sT and falls was confoundedritigepressants.
While arthritis (including osteoarthritis) are patent in elderly and also potential risk factors falls*® its burden on
functional mobility should be reflected by TUG. #isch, we believe that these confounding factorsnesigible effects on
our analyses. Fifth, a high rate of missing data m@ted in the primary analyses. In sensitivitylgses using 87.7% of the
older men in the health check-up exam showed aocas®n similar to, but slightly smaller than, thated in primary
analyses between low sT and falls (Figure S1). Mgeefore cannot completely exclude the possibiligt our findings in

the primary analysis may suffer from selection bias

Conclusion
In conclusion, both lower testosterone and depressymptoms were found to be separately associatadany

falls over a one-month period among community-dwellolder men. Further, having both low testostertevels and



depressive symptoms might imbue a greater likehad having falls than either metric alone. Caugabf these
associations should be confirmed in future prospedtudies with adjustment for potential confoungdby more numbers

of chronic illnesses.

Acknowledgement

The authors have nothing to disclose.

References

1 Tinetti ME, Speechley M, Ginter SF. Risk factaws falls among elderly persons living in the comiityaiN Engl J
Med. Dec 29 1988;319(26):1701-1707.

2. Rubenstein LZ, Josephson KR. The epidemiology aflsf and syncope.Clin. Geriatr. Med. May
2002;18(2):141-158.

3. Moreland JD, Richardson JA, Goldsmith CH, Clase. GMscle Weakness and Falls in Older Adults: A 8ysttic
Review and Meta-Analysig. Am. Geriatr. Soc. 2004;52(7):1121-1129.

4, Tromp AM, Smit JH, Deeg DJH, Bouter LM, Lips PeBictors for Falls and Fractures in the Longitutlifdging
Study Amsterdamlournal of Bone and Mineral Research. 1998;13(12):1932-1939.

5. Kurita N, Yamazaki S, Fukumori N, et al. Overaetibladder symptom severity is associated with falls
community-dwelling adults: LOHAS studgMJ open. 2013.

6. Allan CA, McLachlan RI. Age-related changes intégsgerone and the role of replacement therapy deromen.
Clinical Endocrinology. 2004;60(6):653-670.

7. Krasnoff JB, Basaria S, Pencina MJ, et al. FresoBterone Levels Are Associated with Mobility Liation and
Physical Performance in Community-Dwelling Men: THramingham Offspring Study. Clin. Endocrinol. Metab.
June 1, 2010 2010;95(6):2790-2799.

8. Roy TA, Blackman MR, Harman SM, Tobin JD, SchrageMetter EJ. Interrelationships of serum testasie and
free testosterone index with FFM and strength ingagnen.American Journal of Physiology - Endocrinology And
Metabolism. August 1, 2002 2002;283(2):E284-E294.

9. Bischoff-Ferrari HA, Orav EJ, Dawson-Hughes B. Aidd benefit of higher testosterone levels andmiin D plus
calcium supplementation in regard to fall risk retitan among older men and womesteoporosis Int. Sep
2008;19(9):1307-1314.

10. Orwoll E LLCMLM, et al. ENdogenous testosteroneels, physical performance, and fall risk in oldeen.
Archives of Internal Medicine. 2006;166(19):2124-2131.

1. Szulc P, Claustrat B, Marchand F, Delmas PD. bmd risk of falls and increased bone resorpticglderly men



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

with partial androgen deficiency: the MINOS studilin Endocrinol Metab. Nov 2003;88(11):5240-5247.

Joshi D, Van Schoor NM, De Ronde W, et al. Loweftestosterone levels are associated with prevaland
incidence of depressive symptoms in older n@imical Endocrinology. 2010;72(2):232-240.

Schaap LA, Pluijm SM, Smit JH, et al. The assommabf sex hormone levels with poor mobility, lowustle
strength and incidence of falls among older menvamehen.Clin Endocrinol (Oxf). Aug 2005;63(2):152-160.
Gooren LJ, Behre HM, Saad F, Frank A, SchwerdDi8gnosing and treating testosterone deficiencgfiffierent
parts of the world. Results from global market aesk.The Aging Male. 2007;10(4):173-181.

Gruenewald DA, Matsumoto AM. Testosterone supptaai®n therapy for older men: Potential benefiid asks.
J. Am. Geriatr. Soc. Jan 2003;51(1):101-115.

Otani K, Takegami M, Fukumori N, et al. Locomottysfunction and risk of cardiovascular diseaselityuaf life,
and medical costs: design of the Locomotive Synéramd Health Outcome in Aizu Cohort Study (LOHASY a
baseline characteristics of the study populatiddrthop Sci. May 2012;17(3):261-271.

IBL INTERNATIONAL GmbH. Testosteron Saliva ELISA.

http://www.ibl-international.com/media/catalog/ptmi/R/E/RE52631 IFU en Testosteron Saliva ELISA3201

4 sym3.pdfAccessed Accessed Sep 17, 2013.

Andresen EM, Malmgren JA, Carter WB, Patrick DICREENING FOR DEPRESSION IN WELL OLDER
ADULTS - EVALUATION OF A SHORT-FORM OF THE CES-DAm. J. Prev. Med. Mar-Apr 1994;10(2):77-84.
MINO Y, AOYAMA H, FROOM J. Depressive Disorders rapanese Primary Care Patietamily Practice.
December 1, 1994 1994;11(4):363-367.

Lopes AA, Albert JM, Young EW, et al. Screening ftepression in hemodialysis patients: Associatioith
diagnosis, treatment, and outcomes in the DORRIBey Int. 2004;66(5):2047-2053.

Ganz DA, Higashi T, Rubenstein LZ. Monitoring Balh Cohort Studies of Community-Dwelling Older Pko
Effect of the Recall Intervall. Am. Geriatr. Soc. 2005;53(12):2190-2194.

Seino Y, Nanjo K, Tajima N, et al. Report of then@nittee on the Classification and Diagnostic Ciatef Diabetes
Mellitus. Journal of Diabetes Investigation. 2010;1(5):212-228.

van lersel MB, Munneke M, Esselink RAJ, Benraad MCEOIde Rikkert MGM. Gait velocity and the
Timed-Up-and-Go test were sensitive to changes obility in frail elderly patients.Journal of Clinical
Epidemiology. 2008;61(2):186-191.

Akaike H. A new look at the statistical model itlBoation. Automatic Control, |EEE Transactions on.
1974;19(6):716-723.

Bennette C, Vickers A. Against quantiles: catergiion of continuous variables in epidemiologicessh, and its

discontentsBMC Med Res Methodol. 2012;12:21.



26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

Yasuda M, Honma S, Furuya K, et al. Diagnostiigicance of salivary testosterone measuremensited:. using
liquid chromatography/mass spectrometry and enzimked immunosorbent assalournal of Mens Health. Mar
2008;5(1):56-65.

Salminen EK, Portin RI, Koskinen A, Helenius H, rishii M. Associations between Serum Testosterone dradl
Cognitive Function in Prostate Cancer PatienSlinical Cancer Research. November 15, 2004
2004;10(22):7575-7582.

Thilers PP, MacDonald SWS, Herlitz A. The assdmmtbetween endogenous free testosterone and m@gnit
performance: A population-based study in 35 to %aryldmen and womenPsychoneuroendocrinology.
2006;31(5):565-576.

Arregger AL, Contreras LN, Tumilasci OR, AquilaB&, Cardoso EML. Salivary testosterone: a religgproach
to the diagnosis of male hypogonadi<thinical Endocrinology. 2007;67(5):656-662.

Gavrilova N, Lindau ST. Salivary Sex Hormone Measuient in a National, Population-Based Study ofe®Id
Adults. The Journals of Gerontology Series B: Psychological Sciences and Social Sciences. November 1, 2009
2009;64B(suppl 1):i94-i105.

Wang C, Plymate S, Nieschlag E, Paulsen CA. SARVATESTOSTERONE IN MEN - FURTHER EVIDENCE
OF A DIRECT CORRELATION WITH FREE SERUM TESTOSTER@&NJournal of Clinical Endocrinology &
Metabolism. 1981;53(5):1021-1024.

Wang C, Nieschlag E, Swerdloff R, et al. Invedimg treatment and monitoring of late-onset hypwagism in
males: ISA, ISSAM, EAU, EAA and ASA recommendatioBsiropean Journal of Endocrinology. November 1,
2008 2008;159(5):507-514.

Hong D, Kim Y-S, Son ES, et al. Total testosterand sex hormone-binding globulin are associaté¢d metabolic
syndrome independent of age and body mass indéariean menMaturitas. 2013;74(2):148-153.

Groschl M. Current Status of Salivary Hormone Ama. Clinical Chemistry. November 1, 2008
2008;54(11):1759-1769.

Granger DA, Shirtcliff EA, Booth A, Kivlighan KTSchwartz EB. The “trouble” with salivary testosteeo
Psychoneuroendocrinology. 2004;29(10):1229-1240.

Thapa PB, Gideon P, Cost TW, Milam AB, Ray WA. illepressants and the risk of falls among nursingeno
residentsN. Engl. J. Med. Sep 1998;339(13):875-882.

Giltay EJ, Enter D, Zitman FG, et al. Salivarytésserone: Associations with depression, anxiesprdiers, and
antidepressant use in a large cohort stdmly.nal of Psychosomatic Research. 2012;72(3):205-213.

Arden NK, Nevitt MC, Lane NE, et al. Osteoartlwri#ind risk of falls, rates of bone loss, and osismif fractures.

Arthritis & Rheumatism. 1999;42(7):1378-1385.



Table legend:

Table 1. Baseline characteristics of the analysis population

Table 2. Adjusted oddsratio of any fall over the previous month in men with aged over 60 years®

¥ ogistic regression analysis with restricted cudptine adjusted for covariates (age, body masscjrebercise habit, living
alone, timed up and go, depressive symptoms, imemte, hypertension, diabetes, cerebrovasculaasiy. Combination
of 90 percentile of the salivary testosterone l¢ivel median of the fifth quintile) and not havidgpressive symptoms was

cited as reference.

Figure legend:

Figure 1. Flow chart of study participants
sT: salivary testosterone. Sum of number of pgaicis with missing values for each covariate exe&8D because 90

participants had missing values for 2 or more dates.

Figure 2. Box plotsfor salivary testosterone levels stratified by age categories
White line in the boxes indicates median of ST acte category. Top and bottom of the boxes indiG&th and 25th

percentiles of ST in each category, respectively.

Figure 3. Adjusted oddsratio of any fall over the previous month in men with aged over 60 years®

#Logistic regression analysis with restricted cuptine adjusted for covariates (age, body massijnekercise habit,
living alone, timed up and go, depressive symptomsopntinence, hypertension, diabetes, cerebrol@salisease).
Reference was set as 90th percentile of the sglteatosterone level (i.e. median of the fifth que). The left vertical axis
shows OR in log scale. Solid line indicates posttreates of OR. Dotted lines indicate Cl. Gray badicate frequency of
the salivary testosterone values. The right vdraeés shows frequency of each gray bar. OR: oatis,rCl: confidence

interval



Table 1. Basdline characteristics of the analysis population

Total (N =482) No fallsover the Any fall over the

previousmonth (N =435)  previous month (N = 47)

Agey
Median 70 70 71
10th to 90th percentile 63-78 63-78 63-79

Body mass index, kg/m?

Median 23.8 23.8 24.4

10th to 90th percentile 20.2-27.3 20.2-27.4 21.1-26.6
Exercise habit, n (%) 264 (54.8) 235 (54.0) 29 (61.7)
Living alone, n (%) 61 (12.7) 53(12.2) 8 (17.0)
Incontinence, n (%) 38(7.9) 35(8.1) 3(6.4)
Hypertension, n (%) 334 (69.3) 302 (69.4) 32 (68.1)

Cerebrovascular disease, n (%) 28 (5.8) 21 (4.8) 7(14.9)



Diabetes, n (%)
Timed Up and Go, s
Median
10th to 90th percentile
Depressive symptoms, n (%)
Salivary testosterone, pg/ml
Median

10th to 90th percentile

70 (14.5)

7.1

5.4-9.5

56 (11.6)

58.7

26.3-146

64 (14.5)

7.1

5.3-94

45 (10.3)

61.0

26.3-147

7 (14.9)

8.0

5.7-10.5

11 (23.4)

47.8

25.8-133




Table 2. Adjusted oddsratio of any fall over the previous month in men aged over 60 years®

Adjusted oddsratio (95% confidenceinterval) for
Salivary Testosterone
any fall over the previous month

Participants without Participants with
percentile pg/ml

Depressive symptoms Depressive symptoms
5 21.8 4.23(1.66 - 10.8) 14.8 (3.76 - 58.0)
10 26.3 3.74 (1.58 - 8.83) 13.1 (3.54 - 48.2)
30 43.1 2.39 (1.34 - 4.26) 8.35(2.78 - 25.1)
50 58.9 1.67 (1.17 - 2.38) 5.83(2.23- 15.3)
70 80.3 1.21 (1.03 - 1.43) 4.23(1.77 - 10.1)
90 146.5 1 [reference] 3.49 (1.52 - 8.04)

95 211.4 1.07 (0.95 - 1.20) 3.72 (1.60 - 8.70)




Figure 1

869 older men
(received health check
exam and agreed to fill

out questionnaire)

Excluded (N=118)

sT not measured (N=58)
poor quality of collected saliva (N=36)
outcome data missing (N=13)

762 older men

Excluded (N=280)

covariates missing:
Body mass index (N=49)
Exercise habit (N=83)
Living alone (N=181)
Hypertension (N=49)
Cerebrovascular disease (N=11)
Diabetes (N=52)
Timed Up and go (N=21)

A

482 Participants
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