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Supplementary Methods

This first Androgens In Men Study (AIMS) meta-analysis is exploratory, in that it
summarises available evidence with the aim of providing more general descriptions of factors
influencing hormone concentrations in men. Accordingly, we focus on describing the nature
of estimated trends, size of estimated effects, and heterogeneity using pre-specified statistical
models, with all results presented for completeness, rather than a focus on testing specific

hypotheses.

Search strateqy and bridge search

A systematic review was conducted between 14 June to 31 December 2019. The literature
search used 4 online search tools, with no date restrictions. This covered the MEDLINE and
EMBASE databases, and the OpenGrey and Mednar grey literature search tools from
inception up to 18-22 July 2019. The final selection of articles was completed on 31
December 2019. There were 2,177 articles (1,738 published and 439 grey literature)
identified. Two reviewers independently screened the de-duplicated articles against pre-
specified criteria. 20 articles were identified as within scope, plus 5 that were possibly in
scope, requiring further investigation. From this, 11 prospective cohort studies were selected
as being suitable to approach for IPD-level data. This process of systematic review has been

peer-reviewed and published.!

To screen for additional cohorts that may have published relevant data since the original
search, a bridge search was undertaken on 2 May 2023. This covered the MEDLINE database
using the original search strategy, date limited from 15 July 2019 to 2 May 2023. There were
333 articles identified. One reviewer screened all articles against the original pre-specified

criteria. On completion of screening based on title and abstracts, 28 articles progressed to



further evaluation. Nine of these articles described studies of interest. Five articles identified
potentially eligible cohort studies, all previously identified in the original search (EMAS 3,
MAILES 1, ARIC 1). Two articles cited one cohort study, not identified in the original
search, which had since become potentially eligible (NHANES 2011-14). An additional two
articles cited a cohort study first reported after completion of the original search (Henan

Rural Cohort Study).

IPD inteqrity and risk of bias within studies

Newcastle-Ottawa Quality Assessments reported the number of stars against each scoring
category to assess overall risk of bias within each study.™ > Once individual participant data
(IPD) were received, cross-tabulations and summary statistics were provided back to data
managers of respective studies for checking and feedback. The means and standard
deviations of testosterone were calculated using IPD with similar exclusions to those that
were used in publications and compared with the published estimates. IPD were also checked
for conspicuously low or high values using scatterplot matrices, box and whisker plots, and
by fitting preliminary models to complete-case IPD for assessing plots of residual diagnostics
and DFBETAs. Potential outliers identified from this process were queried with the
respective data managers. Various aspects of IPD integrity were identified and discussed

(Supplementary Results).

Multiple imputations

IPD were multiply imputed using Substantive Model Compatible Fully Conditional
Specification (SMCFCS), with R software.® This method assumes that missing observations
are missing at random, conditional on observed variables, and that the method of imputation

is suitably consistent or “congenial” with each substantive model of interest.* ®> Each set of 40



imputations was produced using an imputation model that was assumed to be congenial with
each specific IPD Meta-Analysis (IPDMA) model. The “smformula” argument of the
“smcfcs” function allowed specification of each imputation model to include: (i) the
androgen (e.g., testosterone) as the dependent variable; (ii) continuous predictors modelled
using cubic splines with the same knot points as specified for the respective IP-DMA model,;
and (iii) categorical covariates with consistent coding as used in the IP-DMA model. In the
presented analyses the authors wanted to acknowledge that the true effect size in each of the
cohort studies may vary due to differences in local factors, and so random effects IPDMASs
were used. Therefore, a congenial SMCFCS imputation model was approximated by also
including: (iv) interaction terms between study and each of the other model terms. Multi-level
imputation models, including JM-jomo and FCS-2 stage®® were also investigated, but these
methods were aborted due to problems with imputations of the systematically missing
variables; likely because of the relatively small number of studies (i.e., 3-9) with IPD
requiring imputation. Although this implementation of SMCFCS was not a multi-level
method, it was considered optimal because of efficiencies in imputation model specification
and computation time. For each imputation 20 iterations were done and the rejection limit
was increased above the default setting if warnings identified that imputed values were

rejected.

Occasionally, the SMCFCS imputation model was reduced for the purpose of resolving
convergence problems. A cubic polynomial was specified for age because convergence could
not be achieved when imputing a cubic spline for age. For analyses of estradiol, the model
term for COPD status was inestimable because it had zero events observed in MAILES data.
Therefore, imputations and the IPDMA was done for only those studies that supplied IPD

(after exclusions) that included estradiol measurements and participants with a history of



COPD: ARIC, BHS, CHS, HIMS, MrOS USA. IPD from the CHS were omitted from
IPDMASs of the association with prevalent CVD because participants with history of CVD
were excluded in those data.® Creatinine was log-transformed prior to imputations to account
for pronounced skew. Prior to log-transformation a small constant of 0.02 was added to
account for a measurement of 0 umol/L, because adding 0.02 did not change the log-

transformed values of the smallest 25 non-zero values, when rounded to two decimal places.

Modelling of categorical predictors and forest plots

This is a two-stage IPD meta-analysis. Reference values for categorical predictors are listed
in Supplementary Table S2. The study-specific estimates shown in forest plots were obtained
from Stage 1 modelling, where the same multivariable model was fitted to all datasets from
each study separately. These estimated coefficients and their standard errors were used as
inputs in Stage 2 modelling using REML estimation and the metagen function, from the R
package ‘meta’. Outputs from this model included the summary estimate, the 95% confidence

intervals of the summary estimate, and the prediction interval.

Non-linear modelling of continuous predictors in IPDMAS

Continuous variables were centred by the same values across studies and modelled using
restricted cubic splines. For spline modelling, the same knot values were used in all studies,
to ensure that estimates could be combined in Stage 2 in a coherent way.'° Restricted cubic
splines were fitted with knot values at the 5th, 27.5th, 50th, 72.5th, and 95th percentiles,
which are recommended knot placements from Harrell,** as determined from the entire IPD

from all studies':



Variable Range Centering Knot points

common value
to all

studies
Age 70-74 70 40, 70, 78
BMI 17.7-40.4 27.5 21.6, 25.0, 27.1, 29.4, 34.8
Systolic BP 92-200 135 108.0, 123.0, 134.5, 148.0, 174.5
Diastolic BP* 54-108 80 60.0, 72.0, 79.0, 85.0, 99.5
Creatinine 61.9-247.8 90 62.0, 78.0, 88.0, 97.3, 123.9
HDL 0.5-2.7 1.3 0.8,1.0,12,1.4,19
LDL 1.0-6.1 3.2 1.8,2.6,3.1,3.7,4.8
Total 1.9-9.3 4.3 2.5,34,41,4.9,6.8
cholesterol :
HDL ratio

Age was problematic for spline modelling because of varying distributions of participant ages

among studies:
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The age range across all studies combined was 17-99 years but the overlapping age range
among studies was just 70-74 years, which presented a challenge for the selection of knot
values. To account for different distributions of age, we used an approach similar to that of
Riley et al.'° A restricted cubic spline was fitted to age, with an internal knot set at 70 yr (60"
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percentile) and outer knots at 40 yr (11.5"" percentile) and 78 yr (88.5" percentile). The first
and second knots were placed at values where the data ended in some studies (EMAS and
HIMS, respectively), and the second knot was within the observed age range across all
studies. Age was centred at 70 yr, to ensure that its spline term was centred within observed

IPD for model fitting to each dataset in Stage 1 of the IPDMAs.

Multivariate meta-analysis for estimation of non-linear summary curves was used to combine
study-specific estimates of spline model coefficients and covariance matrices in Stage 2.%2
This was done using the ‘mixmeta’ and ‘dlnm’ packages in R. The mixmeta package is an
extension of the previously developed package “mvmeta”, in that it provides more general
and updated options for these types of analyses.'* However, prediction intervals were
obtained by applying the predict function—with the interval argument set to ‘prediction’—to
the R object returned from fitting the model using mvmeta, because this had not been
implemented in mixmeta. The mvmeta-estimated covariance matrix X' of the pooled spline
coefficients was then used as the input for the ‘vcov’ argument of the ‘crosspred’ function
(from the dlnm package). The X' matrix is the sum of independent within-study and between-
study covariance matrices.'? The resulting predicted values (summary curve), their standard
errors, and the 97.5™ percentile of the t distribution, with k-2 degrees of freedom—where k is
the number of studies—were then used to calculate 95% prediction intervals for each
summary curve. The metagen function of the package ‘meta’ was used to obtain summary
estimates for associations with categorical predictors and the forest function was applied to

the returned R object, to generate forest plots. 1214



Heterogeneity

The relative extent of heterogeneity was quantified using 12.° 12 was used to represent
heterogeneity because, unlike other measures, it does not depend on the number of studies or
scale of measurement.*® However, estimates may be biased for meta-analyses of a small
number of studies (e.g., < 7), and so, following von Hippel,}” 95% confidence intervals (Cls)
were presented. Ninety five percent Cls were calculated using the method in Borenstein et
al.,'® which uses the value of the Q statistic and its degrees of freedom. On two occasions this
method failed to produce a realistic estimate (i.e., a Cl of zero width), and in those cases the

Cls were calculated using the method of Viechtbauer.*®

The 95% Cls of 12 were reported for all analyses and the range of effect sizes reported where
appreciable relative heterogeneity was indicated. Higgins et al.** tentatively assigned an I
value of 50% as “moderate”. Therefore, in this study it was considered that an appreciable
level of relative heterogeneity was present when more than 50% of the observed variation
could be attributed to variation in the true effects. This was indicated wherever the 95% CI

for 17 was above 50%: [Ifyer IGpper] > 50%. We chose not to interpret point estimates of 12

because of an increased prospect for bias when estimated for relatively small numbers of
studies'® and otherwise high uncertainty in the point estimate when the 95% CI was

comparatively wide.

Sensitivity Analysis 1: Imputing the predictor of interest

The following predictors of interest were not available in all IPD-level datasets: history of
anxiety, COPD, cardiovascular disease (CVD), and dementia, cognition score, diastolic blood

pressure (BP), ethnicity, general health, higher education, ethnicity, psychotropic drug use,
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and waist circumference (Table S2). CVD could not be systematically imputed for CHS IPD
because history of CVD was an exclusion criterion for those data.’ Waist circumference was
not included in analyses because of its high correlation with BMI.*° Ethnicity was not
imputed because “White” was the predominant (if not the only) ethnicity type reported for
almost all studies, so the sensitivity of results to omitting data for participants that were not of
“White” ethnicity was explored instead (Sensitivity Analysis 3). Baseline cognition and
depression were not imputed because they were measured too differently for harmonisation
(refer “IPD integrity and risk of bias within studies” in Supplementary Results). Furthermore,
prevalent dementia, baseline cognition, and anxiety were obtained from too few studies, and
prevalent dementia was sparsely distributed (i.e., one case after exclusions for ARIC and FHS

IPD).

Since measurements on the hormone variable were a selection criterion for study

inclusion,* ?° the IPDMAs were done for only those studies that provided data on that
hormone (dependent variable). For the main set of results, summary estimates were
calculated using only those IPD-level datasets that included both the hormone and predictor
of interest. In this sensitivity analysis we refer to this approach of omitting datasets without
IPD on the predictor of interest or hormone as “Excluded”. An alternative method is to
impute the missing variable representing the predictor of interest, for datasets that included
the hormone variable. In this sensitivity analysis we refer to this method as “Imputed”. This
analysis compares summary estimates and curves from IPDMAs calculated using the
Excluded method with those calculated using the Imputed method, to evaluate the sensitivity

to results from imputing the missing predictor of interest.
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The SMCFCS method (described above) was used to impute the following missing predictors
of interest: higher education for BHS (Model 1 analyses); diastolic BP for MrOS USA
(Model 10 analyses); general health status for ARIC and BHS (Model 6 analyses); COPD
status for EMAS, FHS, and SHIP (Model 9 analyses); and psychotropic drug use status for

BHS and MrOS USA (Model 16 analyses).

Sensitivity Analysis 2: Modelling age using a restricted cubic spline

To account for modelling uncertainty due to knot placements for the restricted cubic spline
being outside of observed data in some studies, the Model 1 IPDMAs were repeated by
modelling age using a cubic polynomial, for comparison. A cubic polynomial was selected
because, although it offered reduced flexibility of fit in comparison to a 3-knot restricted
cubic spline, a similar number of non-intercept parameters (i.e., 3) could be estimated to
describe non-linearity, without the need to specify knot values. Pooled multiply-imputed
estimates obtained from the fit of each model to IPD from each study in Stage 1 were then
combined in Stage 2 to obtain summary curves and 95% confidence envelopes. Summary
curves with 95% confidence envelopes were overlayed on the same plots to visually compare

estimates calculated using the different non-linear models for age.
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Sensitivity Analysis 3: Ethnicity

An ethnicity variable was not provided by four of the studies although for SHIP it was
reported that all participants were Caucasian. The other three studies (BHS, EMAS, HIMS)
reported that the majority, if not all, participants were of white ethnicity. Gunnell et al.?*
reported that BHS participants were almost entirely of White ethnic background. It is
estimated that HIMS is comprised of approximately 95% Caucasian participants, EMAS is
comprised of approximately 95-99% Caucasian, and LeBlanc et al.?? estimated that in MrOS

USA data the percentage Caucasian ranged from 88.9-93.3%.

The sensitivity of results to the inclusion of ethnicity types other than “White” was
investigated. This approach was used in preference to imputing the systematically missing
ethnicity variable because in IPD where ethnicity type was known, non-White types were
sparsely distributed, with the exception of ARIC which included approximately 25% Black
participants. Firstly, for IPD that included ethnicity (ARIC, CHS, FHS, MAILES (FAMAS
Wave 1 cohort), MrOS USA), summary estimates and summary curves for White ethnicity
participants versus any ethnicity (White + not White) were compared. Secondly, results from
the main analyses (all IPD) were compared with various subsets of IPD comprising White
participants: (i) IPD identified as “White” from an ethnicity variable (“Ethnicity=White™:
ARIC, CHS, FHS, MAILES (FAMAS Wave 1 cohort), MrOS USA); (ii) subset (i) combined
with IPD from one study comprised entirely of Caucasian participants (“White” + “All
White”’; ARIC, CHS, FHS, MAILES (FAMAS Wave 1 cohort), MrOS USA, SHIP); (iii)
subset (ii) combined with IPD from two studies comprised almost entirely of White
participants (“White” + “All White” + “Almost Entirely” White: ARIC, BHS, CHS, FHS,

HIMS, MAILES (FAMAS Wave 1 cohort), MrOS USA, SHIP). These comparisons were
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done for the associations of total testosterone with each of the Model 1 and Model 2

predictors, and with history of CVD (Model 7) and diabetes (Model 10).

Sensitivity Analysis 4: Adjustments from the inclusion of additional model terms.

Summary effects for the associations of total testosterone with sociodemographic (age, BMI,
marital status, higher education) and lifestyle (alcohol consumption, physical activity,
smoking status) predictors were estimated from more complex multivariable models to

evaluate the sensitivity to further adjustments from the inclusion of additional model terms.

Sensitivity Analysis 5: Including aggregate data from additional studies

Aggregate statistics (AD: sample size, summary statistics, coefficient estimates, and variance
estimates or covariance matrices, plot data) were supplied by two additional studies
(CHAMP, MrOS Sweden). AD statistics were generated by data managers of each respective
study using an R script provided. The R script contained the same syntax as used for Stage 1
of the respective IPDMAs. Once the data manager had read in the requisite IPD—which had
not been supplied to AIMS—this R script generated and outputted the AD as a list object
saved as an RDA file, plus one CSV file containing summary statistics for Table 1. These
files were then sent to the AIMS Data Manager. AD coefficient estimates and variance
estimates (or covariance matrices) were then combined with those generated from supplied
IPD in Stage 2, to produce the summary estimates (categorical predictors) or summary curves
(continuous predictors). These analyses were completed for associations of total testosterone
with each of the socio-demographic (Model 1) and lifestyle (Model 2) predictors, and with

history of CVD (Model 7) and diabetes (Model 10).

Summary estimates calculated by including AD were then compared with those from the
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main set of results (i.e., using IPD only) in a forest plot to evaluate potential availability bias.
For these comparisons, the summary effect of continuous predictors modelled using restricted
cubic splines (age and BMI) were calculated from summary curves as the change arising

from 1 SD increase around the Ref. value (Table S5).

Funnel plots for assessing publication bias

Contour-enhanced funnel plots were constructed to explore the prospect for publication bias
in meta-analyses including AD. Egger’s regression test was used for plots of at least 10
studies and because of the low power of these tests we used P<0.1 in tests for asymmetry.?*2*
Tests of funnel plot symmetry were done for the modelled associations of testosterone with
predictors available in at least 10 studies.? In cases of significant asymmetry or if there were
fewer than 10 studies we used the trim-and-fill method to estimate alternative summary

estimates with imposed symmetry to evaluate the importance of asymmetry on results.?®

Supplementary Results

IPD inteqrity and risk of bias within studies

Scores (total stars) from Newcastle-Ottawa Quality Assessments ranged from six to nine.*
Relatively high scores largely reflected that these studies are: population-based; used a highly
accurate method for measuring testosterone; adjusted for participant age and other risk
factors; and (for subsequent planned analyses of prospective health outcomes) had at least
five years of follow-up data. However, for the presented IPDMAs, there were several key
limitations. For instance, the extent of statistical adjustment was limited to those covariates
that were sought and available in IPD. Also, since these analyses were cross-sectional, results

were potentially explainable by reverse causation.

-14 -



Not all of the requested variables were supplied in IPD, and missing variables were either
systematically imputed or datasets without the variable (i.e., if it was the dependent variable
or predictor of interest) were excluded (Table S2). In the case of variables used for
exclusions, however, neither of these options were considered appropriate. For instance,
history of orchidectomy, which was used for exclusions, was unavailable for several studies
(ARIC, CHS, FHS and MrOS USA). Furthermore, a limited history of linked medical records
was available for identifying past orchidectomies in MAILES data. And for EMAS, only
history of testicular disease status was available for use as a proxy. It is possible that the
absence of reliable orchidectomy data for some studies might have resulted in the retention of

individuals with abnormal sex hormone measurements.

Within datasets, some of the hormone variables were completely missing. LH was missing
from ARIC, CHS, FHS, and SHIP IPD; DHT was missing from ARIC, FHS, MrOS USA,
and SHIP IPD; and estradiol was missing from ARIC and CHS IPD (Table S2). Predictor
variables that were completely missing included: Higher Education for BHS; diastolic blood
pressure for MrOS USA (Model 3); general health status for ARIC and BHS (Model 6); CVD
for CHS (Model 7, an exclusion criterion); COPD for EMAS, FHS, and SHIP (Model 9) and
psychotropic drug use for BHS and MrOS USA (Model 16; Table S6). Patterns in partially-
missing variables (i.e., variable supplied but with some missing values) differed among the
studies, with lowest missingness for participant age (complete across all studies) and higher
missingness for some of the lifestyle (alcohol consumption and vigorous physical activity)
and health status variables (creatinine level for EMAS and MAILES, lipid medication and
psychotropic drug use for EMAS). Ignoring the completely missing variables, datasets were
ranked, from lowest to highest, in percentage of cases with missing data as: MrOS USA,

HIMS, CHS, ARIC, SHIP, EMAS, FHS, MAILES, BHS. Across studies, the percentage of
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incomplete cases in merged datasets ranged from 2.5% (Model 1) to 18.9% (Model 9; Table
S6). Although these percentages are not remarkably high, they appear to vary primarily as a
consequence of whether the lifestyle variables with higher missingness from BHS data
(alcohol consumption and vigorous physical activity) were included (i.e., Models 1 and 6
versus the rest). In the case of the Model 6 IPDMA, BHS data were excluded because the
predictor of interest (general health status) was not available in those data. However,
Sensitivity Analysis 1 shows that the inclusion of BHS data into that IPDMA, which involved
imputations of the completely missing (general health status and education), as well as of the
partially-missing (including alcohol and physical activity) variables, did not lead to

substantively different estimates of the summary effects (Figs S11-15).

Data checking of IPD identified only a small number of values as errors or likely incorrect.
One value of physical activity exceeded a duration of 10,000 minutes within a week and was
set to missing. Four values of total testosterone concentration were higher than 2,000 ng/dL
and were set to missing. Three values of diastolic blood pressure were less than 21.4 mm Hg
and were set to missing. And one value of creatinine of 1,053 umol/L was set to missing.
Summary statistics for testosterone were comparable to published estimates. Therefore, there
were no important issues identified from checking IPD. Although the AD statistics supplied
by CHAMP and MrOS Sweden were generated using the same statistical models and
software, it is acknowledged that, in general, AD statistics cannot be subject to the same level

of independent scrutiny as those estimated from supplied IPD.%

The definitions for some variables differed among studies. In some cases, such as for baseline
cognition and depression, the definitions were considered too disparate for harmonisation.

For instance, depression was identified using hospital admissions ICD codes for ARIC and
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BHS, self-report data for HIMS and MAILES, CES-D score and medication usage for FHS,
an abbreviated 10-item CES-D score for CHS,?’ Beck’s Depression Index (BDI-1I) for
EMAS,? medication usage for MrOS USA, and from CID-S interview for SHIP. The authors
considered that validated instruments such as CES-D or BDI would likely have been more
accurate than self-report or from using diagnosis codes or medication data, but any such
differences in accuracy were unknown, so there was no clear rationale for possible down-
weighting. For other variables, such as alcohol consumption and physical activity, it was
possible to harmonise by transforming continuous variables to a common scale (grams of
ethanol per day, minutes of vigorous-intensity activity per week), or by grouping categorical
measures in relation to some threshold (19.2 g/d, 75 min/week), or both. The definitions,
justifications and rationale for each harmonisation rule are presented in Table S3. However,
in cases where the harmonisations resulted in discretisation of continuous measures, this
resulted in loss of information for estimating the summary effects. It is also possible that
when variables from different studies were collected by different methods, unknown

influences of methodology might have affected results.

In some studies, education and physical activity data were recorded years earlier than the
timing of blood sampling for hormone measurement. Education data for ARIC participants
(baseline: Visit 4; 1996-99) were available at Visit 1 (1987-89), and for the FHS Offspring
cohort (baseline: Exam 7; 1998-2001) were available at Exam 2 (1979-83). Physical activity
data for ARIC participants were collected during Visit 3 (1993-95), whereas for CHS
participants (baseline: Year 7; 1994-95) the measurements used were collected two years
earlier (in Year 5). The use of this information assumes that there was little change in
characteristics from the earlier dates until blood sampling. Therefore, longitudinal change in

such characteristics might have affected results.
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Another issue with temporal alignment concerns the historical extent of medical records for
MAILES IPD. Although linked health data (hospital admissions data commencing 1 July
2001; emergency department presentations commencing 1 July 2003) were sought, these
records were available for only a relatively limited lookback period, since the earliest
baseline date (blood sampling) in MAILES IPD was 21 August 2002. Although prevalent
health status was determined using other data sources when available (including self-report
and medication usage data), for COPD there was only linked health data, which suggests that

COPD histories might have been under-represented in MAILES participants.

Heterogeneity

Associations with testosterone

There was an appreciable level of relative heterogeneity for the association of testosterone
with BMI, and the estimated change in testosterone for one SD increase in BMI around the
reference value (27.5 kg/m?) was consistently negative in sign among studies, ranging

from -3.18 to -2.01 nmol/L. The shape of associations was consistent in that trends estimated
higher testosterone for lower BMI, with the average steepness of non-linear trends appearing
to vary slightly among studies (Supplementary Fig. S3b). The curve for MAILES
demonstrated a relatively pronounced inflection at the second knot (25.0 kg/m?), as compared

to the other studies.

Associations with other androgens
Appreciable relative heterogeneity was demonstrated for non-linear associations of age
modelled against SHBG, DHT, and estradiol. Effect sizes among studies ranged from -7.89 to

17.88 nmol/L, -0.80 to 7.82 pmol/L, and -0.01 to 0.35 nmol/L, respectively. The lowest effect
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size for SHBG (-7.89 nmol/L for CHS) was negative in sign, although its 95% CI covered
zero (-46.28 to 30.49) and for the majority of this study’s observed age range (71-97.7 years)
higher SHBG concentrations were estimated for older ages, as observed for the other studies
(Supplementary Fig. S3c). Trends for estradiol with age varied among studies most notably in
older men, although differences near the margins of age distributions should be interpreted
with caution because data are typically sparse in the tails, where splines are constrained to
linearity (Supplementary Fig. S3i). The 95% CI of the summary effect of estradiol with age
covered zero (-1.69 to 7.02 pmol/L), as did the 95% Cls for MrOS USA, MAILES, HIMS,
and SHIP effect sizes, but were above zero in other studies (BHS, EMAS, FHS). Compared
to trends in DHT with BMI, the trends in DHT with age showed relatively small change
among studies, with 95% Cls of the effect sizes covering zero in all cases except for EMAS

(0.01 to 0.16 pmol/L; Supplementary Fig. S3g, h).

Other IPDMAs that demonstrated appreciable relative heterogeneity were the associations of:
DHT with Current versus Never smokers; DHT with general health status; and LH with
creatinine. Effect sizes for the mean difference (MD) of DHT between Current and Never
(reference level) smokers ranged from -0.17 to 0.20 nmol/L, being negative in sign for two
studies (CHS, HIMS) but positive in sign for the other three (BHS, EMAS, MAILES,;
Supplementary Fig. S5d). Notably, all 95% CIs were non-overlapping with zero, with effect
estimates negative for studies of older men but positive for studies of younger men. Effect
sizes for the MD of DHT between Fair, Poor, or Very Poor versus Good or Excellent
(reference level) ranged from -0.14 to 0.09 nmol/L, although this was for four studies
(Supplementary Fig. S8g). The 95% CI for the summary effect size of LH with creatinine

covered zero, as did the range of effect size estimates among the five studies analysed (-0.76
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—0.96 IU/L) although all showed increasing LH for higher creatinine concentrations (>115

umol/L; Supplementary Fig. S7f).

Sensitivity Analysis 1: Imputing the predictor of interest

All ninety-five percent confidence intervals of summary estimates calculated for “Excluded”
and “Imputed” IPD were overlapping, which demonstrates that systematic imputation of the
predictor of interest, as opposed to excluding datasets without that variable, had negligible
impact on results (Figs. S12-16). The 95% CI for the association of estradiol with COPD was
much broader for studies providing COPD only (BHS, HIMS, MrOS USA) than when
calculated from IPD including systematically-imputed COPD (BHS, EMAS, FHS, HIMS,
MrOS USA, SHIP; Fig. S16). This is likely a consequence of an increased precision in the
latter estimate because it was calculated from six studies, as compared to three. However, the
decision to impute these missing categorical predictors of interest did not impact on the

substantive interpretation of estimates.

Ninety-five percent confidence envelopes of summary curves were also overlapping for the
associations of testosterone, SHBG, LH, and estradiol with diastolic BP (Figs. S12-14, S16).
Diastolic BP was missing only from MrOS USA IPD, so the IPD from that study was either
excluded, or diastolic BP was systematically imputed. Imputations for systematic missingness
were not required in DHT analyses because DHT was not available in IPD from MrOS USA.
Conspicuously narrower 95% confidence envelopes were observed for summary curves of
“Excluded” IPD than of “Imputed” IPD in the testosterone and LH analyses. One explanation
is that in both cases relatively high noise-to-signal in the systematically-imputed IPD resulted

in an overfitted restricted cubic spline. This might have arisen in part because SMCFCS
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imputation is not a hierarchical method but imputes the missing diastolic BP as having come

from an average study.

Sensitivity Analysis 2: Modelling age using a restricted cubic spline

Repetition of Model 1 IPDMASs using a cubic polynomial function for age, which avoids
issues with the knot placements, estimated similar summary curves, corroborating the results
from restricted cubic spline modelling (Fig. S11). Although summary curves from the cubic
polynomial model demonstrated some differences in trend for the youngest and oldest
participants in DHT and estradiol analyses, 95% confidence envelopes overlapped those of
the restricted cubic spline model in both cases (Fig. S11d,e). This evidence supports the
assumption that the use of restricted cubic splines fitted with the specified knot values, which

are outside of the age range for some studies, had not impacted substantively on findings.

Sensitivity Analysis 3: Ethnicity

White only versus All (ethnicity variable supplied in IPD)

Associations of testosterone concentration with age and BMI were similar when data for non-
White participants were excluded, as compared to when those data were included, for studies
that supplied an ethnicity variable (Fig. S17a,b). Both trends closely approximated the 95%
confidence envelopes from analyses of all IPD, which suggests that there is negligible

sensitivity to ethnicity type for these estimated non-linear associations.

The 95% Cls of summary estimates for the subgroup of IPD that included an ethnicity
variable were overlapping with those in that subgroup that had been recorded as White (Fig.
S18: “Ethnicity=Any” versus “Ethnicity=White”). These summary estimates represent the

mean difference (MD) in testosterone between men grouped into the reference level and men:
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in a married or de facto relationship; with higher education; frequent alcohol consumption;
lower physical activity; who were former smokers; current smokers; had a history of CVD; or
of diabetes. In all such comparisons the results are substantively the same, except for current
smokers, where the lower bound of the 95% CI for “Ethnicity=Any” is less than zero and the
lower bound for “Ethnicity=White” is above zero (Fig. S18f). Note, however, that the point
estimates of the summary effect were very similar (0.91 and 0.89 nmol/L, respectively).
Furthermore, since the “Ethnicity=Any” estimate was a subgroup of all IPD based on the
presence of an ethnicity variable and not on ethnicity type, it is possible that wider 95% Cls
could be explained by reduced precision alone. Indeed, the summary estimate for all IPD
(0.89, 95% CI: 0.36 to 1.42 nmol/L; n=21,074) is similar to that for the “Ethnicity=Any”
subset (0.91, 95% CI: -0.18 to 2.00 nmol/L; n=9,191) but has a narrower 95% CI. These
results provide further support the assumption of negligible sensitivity in results attributable

to ethnicity status.

Subset comprised of almost all or entirely White participants versus All IPD

There was little difference in the estimated associations of testosterone with age or with BMI,
as calculated separately for the various subgroups of White participants (Fig. S17c,d). Trends
for White participants closely approximated the 95% confidence envelopes from all IPD,

suggesting that ethnicity had negligible influence on these estimated associations.

The 95% Cls of summary estimates for White only participants (variously defined and sub-
setted as “Ethnicity=White”, “All White”, or “Almost entirely”) were overlapping with those
for all participants (95% Cls for all IPD shown as vertical lines; Fig. S18). In some cases, the
95% Cls for White only participants covered zero whereas the 95% CI for all IPD did not,

representing substantive differences in inference for these estimates. However, the signs of

-22-



point estimates from White only and all IPD were the same when there was no overlap of the
95% Cls with zero in the main analysis (Fig. S18a,d-h). Differences in coverage of 95% Cls
for White only participants could be attributable to wider 95% Cls and reduced precision

when estimated for smaller subsets of IPD.

Sensitivity Analysis 4: Adjustments from the inclusion of additional model terms.

Summary effects for the associations of total testosterone with sociodemographic and
lifestyle predictors estimated from more complex multivariable models are shown together
with those estimated from simpler models in the main analysis for comparison in Appendix

Table A3.

Sensitivity Analysis 5: Including aggregate data from additional studies

Aggregate data (AD) from CHAMP (n=1,659) and MrOS Sweden (n=2,416) studies
comprised summary statistics (for Table 1) as well as coefficient and variance estimates, or
covariance matrices, and plot data obtained by statisticians from each of these studies by
fitting Models 1, 2, 7, and 10 to IPD using R scripts that had been supplied to them. The
CHAMP study did not have the required alcohol consumption or physical activity variables,
so meta-analysis results for associations of total testosterone with these predictors could not
be estimated using CHAMP AD. Also, AD from CHAMP for associations of testosterone
with smoking status, diabetes, and CVD were obtained by fitting Models 2, 7, and 10 without

the terms for alcohol consumption and physical activity.

Estimates of summary effects from meta-analyses that incorporated AD from CHAMP and
MrOS Sweden (IPD + AD) were similar to, and had overlapping 95% Cls with, those

estimated from studies that supplied IPD (IPD) (Fig. 3). Since all studies identified from the
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systematic review provided either IPD or AD, and similar findings were obtained from meta-
analyses of IPD only or IPD with AD, this shows that the influence of availability bias on

results from studies not providing IPD was negligible.

Funnel plots for assessing publication bias

Funnel plots are presented for those meta-analyses that were of all available estimates,
including AD. With AD from additional studies, the numbers of available estimates for meta-

analyses were 10-11 (Fig. S19).

The funnel plot for the association of testosterone with age shows estimates for CHAMP,
CHS, HIMS, and MrOS Sweden being more imprecise than estimates for the other seven
studies (Fig. S19a). This is primarily an artefact of the spline modelling approach used and
differences in sampling design among studies. Along with MrOS USA, these four studies
were of the oldest participants (aged >65 yr) and therefore estimates of spline coefficients had
inflated standard errors because the first knot (at 40 yr) was outside of the observed age
ranges. However, estimates for the other seven studies, which collectively comprised the full
range of participant ages (17-99 yr), showed comparatively high precision, both within and
between studies, and are thus relatively close to this summary estimate on the funnel plot,
because estimated spline coefficients contributed greater weighting towards the summary
curve. Removing CHAMP, CHS, HIMS, and MrOS Sweden from the analysis resulted in a
summary estimate of -1.04 nmol/L (CI -1.39, -0.68), which was less steep but not
substantively different from estimates calculated using all IPD and AD (-1.33 nmol/L, CI -

1.66, -1.01) or all IPD (-1.24 nmol/L, CI -1.61, -0.87).

All other funnel plots show the estimate for HIMS (largest sample size) towards the top and
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the estimate for CHS (smallest sample size) towards the bottom of the plot (except for Fig.
S18j, which did not include CHS), consistent with a more typical pattern, in the absence of
bias or heterogeneity. Although meta-analyses of testosterone with BMI demonstrated
appreciable relative heterogeneity, there was no significant departure from asymmetry (Fig.
S19b). There was also no departure from asymmetry for meta-analyses of testosterone with
married / de facto status, higher education, alcohol consumption, physical activity, Current v

Never smokers, or with CVD or diabetes (Fig. S19c-f,h-j).

However, a significant departure from asymmetry was detected for the meta-analysis of
testosterone with Former v Never smokers (Fig. S19g). The CHS estimate was least precise
but within the white contour (p > 10%), suggesting that this pattern of asymmetry might not
be consistent with publication bias. Estimates are distributed from top left (HIMS) to bottom
right (CHS) on this plot, and repeating this analysis after removing the two extreme estimates
(CHS, HIMS) gave a higher summary estimate (-0.26 nmol/L, Cl -0.38, -0.13) that was not
substantively different from that calculated from IPD and AD (-0.31 nmol/L, CI -0.49, -0.13)
or IPD only (-0.34 nmol/L, CI -0.55, -0.12). A corresponding estimate obtained using trim-
and-fill (5 imputed studies added) was lower but not substantively different (-0.49 nmol/L,

C1-0.70, -0.28), further suggesting that the detected asymmetry was not likely important.

Exploratory subgroup analysis of men without common age-associated medical comorbidities

This analysis explored the possibility that the observed non-linear declines in baseline
testosterone, and increases in LH, with the age in men older than 70 years might be due to
increased presence of comorbidities in those older men. Summary curves were generated
from two-stage IPD meta-analyses as described in the Methods and Supplementary Methods.

IPD meta-analyses of testosterone with age, and of LH with age, were repeated by fitting the
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models to the subgroup of men free of health conditions that are known to be age-related
diseases and had prevalent status recorded in available IPD. Two such ‘disease-free’
subgroups were constructed:

(i) Subgroup A: Men free of hypertension, diabetes, CVD, cancer, COPD, who were not
taking lipid-lowering medications, and had serum creatinine < 150 pmol/L;

(ii) Subgroup B: Men free of hypertension, diabetes, CVD, cancer, who were not taking lipid-

lowering medications, and had serum creatinine < 150 pmol/L.

IPD meta-analyses of Subgroup A could not use all IPD because COPD status was not
available in three of the studies (EMAS, FHS, SHIP). Therefore, a larger amount of IPD was
analysed for Subgroup B, using IPD from all studies with measurements on the hormone
variable, with the limitation that results from Subgroup B ignore the potential influence of
COPD status. Furthermore, the IPD meta-analyses of Subgroups A and B were done using
Model 2, which controls for additional model terms of modifiable lifestyle factors (baseline
alcohol consumption, vigorous physical activity, and smoking status). Summary curves with
95% confidence intervals (Cls) and 95% prediction intervals from the subgroup IPD meta-

analyses are overlaid on plots with those from the main analysis.

The estimated summary association for testosterone with age at baseline for disease-free
subgroups showed a similar non-linear trend to that estimated from all IPD in the main
analysis, although the decline with age was less steep and 95% ClIs were overlapping with
estimated testosterone at the reference age, across all ages (Figs. S20a, S21a). However,
results for the association of LH with age were substantively consistent with those of the
main analyses, with the summary curve, Cls and 95% prediction intervals showing an

increasing trend with baseline age for men older than 70 years (Figs. S20b, S21b).
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Funding statements for individual studies included in this meta-analysis

The ARIC study is funded by has been funded in whole or in part with Federal funds from the
National Heart, Lung, and Blood Institute, National Institutes of Health, Department of
Health and Human Services, under Contract nos. (75N92022D00001,

75N92022D00002, 75N92022D00003, 75N92022D00004, 75N92022D00005) and Dr.
Ballantyne received NIH grant support through RO1HL134320. The 1994/1995 Busselton
Health Survey was supported by the Western Australian Health Promotion Foundation. The
Cardiovascular Health Study was supported by contracts HHSN268201200036C,
HHSN268200800007C, HHSN268201800001C, NO1HC55222, NO1HC85079,
NO1HC85080, NO1HC85081, NO1HC85082, NO1HC85083, NO1HC85086,
75N92021D00006, and grants U0O1HL080295 and UO1HL 130114 from the National Heart,
Lung, and Blood Institute (NHLBI), with additional contribution from the National Institute
of Neurological Disorders and Stroke (NINDS). Additional support was provided by
R01AG023629 from the National Institute on Aging (NIA). A full list of principal CHS
investigators and institutions can be found at CHS-NHLBI.org. The content is solely the
responsibility of the authors and does not necessarily represent the official views of the
National Institutes of Health. The EMAS Study is funded by The Commission of the
European Communities Fifth Framework Programme ‘Quality of Life and Management of
Living Resources’ Grant No. QLK6-CT- 2001-00 258 and supported by Arthritis Research
UK. The Framingham Heart Study is conducted and supported by the National Heart, Lung,
and Blood Institute (NHLBI) in collaboration with Boston University (Contract No. NO1-HC-
25195, HHSN2682015000011 and 75N92019D00031). This manuscript was not prepared in
collaboration with investigators of the Framingham Heart Study and does not necessarily

reflect the opinions or views of the Framingham Heart Study, Boston University, or NHLBI.
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The HIMS study is funded by project grants from the National Health and Medical Research
Council of Australia. The MAILES Study is funded by a project grant from the National
Health and Medical Research Council of Australia (627227). The MrOS Sweden Study is
funded by The Swedish Research Council and Swedish ALF funding. The Osteoporotic
Fractures in Men (MrQOS) Study is supported by National Institutes of Health funding. The
following institutes provide support: the National Institute on Aging (NIA), the National
Institute of Arthritis and Musculoskeletal and Skin Diseases (NIAMS), the National Center
for Advancing Translational Sciences (NCATS) and NIH Roadmap for Medical Research
under the following grant numbers: U01 AG027810, U01 AG042124, U01 AG042139, U01
AG042140, U01 AG042143, U01 AG042145, U01 AG042168, U01 AR066160 and UL1
TR000128. SHIP is part of the Community Medicine Research network of the University of
Greifswald, Germany, which is funded by the Federal Ministry of Education and Research
(grants 012729603, 01220103 and 01Z2Z0403), the Ministry of Cultural Affairs, as well as the

Social Ministry of the Federal State of Mecklenburg—West Pomerania.
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Supplementary Tables

Table S1. PRISMA-IPD Checklist of items to include when reporting a systematic review and meta-analysis of individual participant data (IPD):
the Androgens In Men Study (AIMS).

Title
Title 1 Identify the report as a systematic review and meta-analysis of individual participant data. pl (The
systematic
review is cited®
and published
elsewhere)
Abstract
Structured 2 Provide a structured summary including as applicable: p4-5
summary Background: state research question and main objectives, with information on participants, interventions,
comparators and outcomes.
Methods: report eligibility criteria; data sources including dates of last bibliographic search or elicitation,
noting that IPD were sought; methods of assessing risk of bias.
Results: provide number and type of studies and participants identified and number (%) obtained,;
summary effect estimates for main outcomes (benefits and harms) with confidence intervals and measures
of statistical heterogeneity. Describe the direction and size of summary effects in terms meaningful to
those who would put findings into practice.
Discussion: state main strengths and limitations of the evidence, general interpretation of the results and
any important implications.
Other: report primary funding source, registration number and registry name for the systematic review
and IPD meta-analysis.
Introduction
Rationale |3 | Describe the rationale for the review in the context of what is already known. |p6-7
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Objectives |4 Provide an explicit statement of the questions being addressed with reference, as applicable, to pé6;
participants, interventions, comparisons, outcomes and study design (PICOS). Include any hypotheses that |For this type of
relate to particular types of participant-level subgroups. study it is PEO;P

Appendix Table
A2.

Methods

Protocol and | 5 Indicate if a protocol exists and where it can be accessed. If available, provide registration information p8

registration including registration number and registry name. Provide publication details, if applicable.

Eligibility 6 Specify inclusion and exclusion criteria including those relating to participants, interventions, p8

criteria comparisons, outcomes, study design and characteristics (e.g. years when conducted, required minimum
follow-up). Note whether these were applied at the study or individual level i.e. whether eligible
participants were included (and ineligible participants excluded) from a study that included a wider
population than specified by the review inclusion criteria. The rationale for criteria should be stated.

Identifying |7 Describe all methods of identifying published and unpublished studies including, as applicable: which p8 (citation?).

studies - bibliographic databases were searched with dates of coverage; details of any hand searching including of

information conference proceedings; use of study registers and agency or company databases; contact with the original

sources research team and experts in the field; open adverts and surveys. Give the date of last search or elicitation.

Identifying | 8 Present the full electronic search strategy for at least one database, including any limits used, such that it  |p8 (citation?)

studies - could be repeated.

search

Study 9 State the process for determining which studies were eligible for inclusion. p8 (citation?)

selection

processes

Data 10 Describe how IPD were requested, collected and managed, including any processes for querying and p8, 10 &

collection confirming data with investigators. If IPD were not sought from any eligible study, the reason for this Supplementary

processes should be stated (for each such study). Methods.

If applicable, describe how any studies for which IPD were not available were dealt with. This should
include whether, how and what aggregate data were sought or extracted from study reports and
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publications (such as extracting data independently in duplicate) and any processes for obtaining and
confirming these data with investigators.

Data items |11 Describe how the information and variables to be collected were chosen. List and define all study level p8-10 & Suppl.
and participant level data that were sought, including baseline and follow-up information. If applicable, Tables S2, S3
describe methods of standardising or translating variables within the IPD datasets to ensure common
scales or measurements across studies.

IPD Al | Describe what aspects of IPD were subject to data checking (such as sequence generation, data p9 & Suppl.

integrity consistency and completeness, baseline imbalance) and how this was done. Methods

Risk of bias | 12 Describe methods used to assess risk of bias in the individual studies and whether this was applied p8 (citation?) &

assessment separately for each outcome. If applicable, describe how findings of IPD checking were used to inform Suppl. Methods

in individual the assessment. Report if and how risk of bias assessment was used in any data synthesis. (Suppl. p4)
studies.

Specificatio | 13 State all treatment comparisons of interests. State all outcomes addressed and define them in detail. State | p8-12 (citation?)

n of whether they were pre-specified for the review and, if applicable, whether they were primary/main or

outcomes secondary/additional outcomes. Give the principal measures of effect (such as risk ratio, hazard ratio,

and effect difference in means) used for each outcome.

measures

Synthesis 14 Describe the meta-analysis methods used to synthesise IPD. Specify any statistical methods and models p10-12 & Suppl.

methods used. Issues should include (but are not restricted to): Methods

e Use of a one-stage or two-stage approach.

e How effect estimates were generated separately within each study and combined across studies
(where applicable).

e Specification of one-stage models (where applicable) including how clustering of patients within
studies was accounted for.

e Use of fixed or random effects models and any other model assumptions, such as proportional
hazards.

e How (summary) survival curves were generated (where applicable).
e Methods for quantifying statistical heterogeneity (such as 12 and t2).

-31-




e How studies providing IPD and not providing IPD were analysed together (where applicable).
e How missing data within the IPD were dealt with (where applicable).

Exploration | A2 | If applicable, describe any methods used to explore variation in effects by study or participant level p8-10,
of variation characteristics (such as estimation of interactions between effect and covariates). State all participant-level |Appendix &
in effects characteristics that were analysed as potential effect modifiers, and whether these were pre-specified. Suppl. Methods
Risk of bias | 15 Specify any assessment of risk of bias relating to the accumulated body of evidence, including any pl1-12 & Suppl.
across pertaining to not obtaining IPD for particular studies, outcomes or other variables. Methods
studies
Additional 16 Describe methods of any additional analyses, including sensitivity analyses. State which of these were pre- |pl10, 12 &
analyses specified. Suppl. Methods
Results
Study 17 Give numbers of studies screened, assessed for eligibility, and included in the systematic review with p8 & Suppl. Fig.
selection reasons for exclusions at each stage. Indicate the number of studies and participants for which IPD were S1 & citation?
and IPD sought and for which IPD were obtained. For those studies where IPD were not available, give the
obtained numbers of studies and participants for which aggregate data were available. Report reasons for non-
availability of IPD. Include a flow diagram.
Study 18 For each study, present information on key study and participant characteristics (such as description of Appendix Table
characteristi interventions, numbers of participants, demographic data, unavailability of outcomes, funding source, and |ALl. Funding
cs if applicable duration of follow-up). Provide (main) citations for each study. Where applicable, also report |statements in
similar study characteristics for any studies not providing IPD. Supp. Material.
IPD A3 | Report any important issues identified in checking IPD or state that there were none. p8, Suppl.
integrity Results
Risk of bias | 19 Present data on risk of bias assessments. If applicable, describe whether data checking led to the up- Suppl. Results
within weighting or down-weighting of these assessments. Consider how any potential bias impacts on the (Suppl. p14-18)
studies robustness of meta-analysis conclusions.
Results of 20 For each comparison and for each main outcome (benefit or harm), for each individual study report the Appendix Table
individual number of eligible participants for which data were obtained and show simple summary data for each Al, Figs 1-2,
studies
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intervention group (including, where applicable, the number of events), effect estimates and confidence Suppl. Figs S2-
intervals. These may be tabulated or included on a forest plot. S10.
Results of 21 Present summary effects for each meta-analysis undertaken, including confidence intervals and measures | Table 1,
syntheses of statistical heterogeneity. State whether the analysis was pre-specified, and report the numbers of studies |Appendix Table
and participants and, where applicable, the number of events on which it is based. A3,
When exploring variation in effects due to patient or study characteristics, present summary interaction p12-16 & Suppl.
estimates for each characteristic examined, including confidence intervals and measures of statistical Results
heterogeneity. State whether the analysis was pre-specified. State whether any interaction is consistent
across trials.
Provide a description of the direction and size of effect in terms meaningful to those who would put
findings into practice.
Risk of bias | 22 Present results of any assessment of risk of bias relating to the accumulated body of evidence, including pl6 & Suppl.
across any pertaining to the availability and representativeness of available studies, outcomes or other variables. |Fig S19, Suppl.
studies Results
Additional | 23 Give results of any additional analyses (e.g. sensitivity analyses). If applicable, this should also include pl7 & Fig. 3 &
analyses any analyses that incorporate aggregate data for studies that do not have IPD. If applicable, summarise the |Appendix Table
main meta-analysis results following the inclusion or exclusion of studies for which IPD were not A3 &
available. Suppl. Figs S11-
18, Suppl.
Results
Discussion
Summary of | 24 Summarise the main findings, including the strength of evidence for each main outcome. pl6-19
evidence
Strengths 25 Discuss any important strengths and limitations of the evidence including the benefits of access to IPD and |p20-21
and any limitations arising from IPD that were not available.
limitations
Conclusions | 26 Provide a general interpretation of the findings in the context of other evidence. p20-22
Implications | A4 | Consider relevance to key groups (such as policy makers, service providers and service users). Consider P21-22

implications for future research.
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Funding

Funding 27

Describe sources of funding and other support (such as supply of IPD), and the role in the systematic
review of those providing such support.

pl12, Appendix

a. Marriott RJ, Harse J, Murray K, Yeap BB. Systematic review and meta-analyses on associations of endogenous testosterone

concentration with health outcomes in community-dwelling men. BMJ Open 2021;11:e048013.

b. Munn Z, Stern C, Aromataris E, et al. What kind of systematic review should I conduct? A proposed typology and guidance for

systematic reviewers in the medical and health sciences. BMC Med Res Methodol 2018;18:5.

Al - A3 denote new items that are additional to standard PRISMA items. A4 has been created as a result of re-arranging content of the

standard PRISMA statement to suit the way that systematic review IPD meta-analyses are reported.

© Reproduced with permission of the PRISMA IPD Group, which encourages sharing and reuse for non-commercial purposes
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Table S2. Harmonised variables summary for AIMS IPD Meta-analysis 1: IPD-level data.
Red font = imputations done for systematic missingness in some studies. Blue font = not
analysed (see table footnote for explanation?).*

Variable® Type Ref. ARIC BHS CHS EMAS FHS HIMS MAILES MrOS USA SHIP
Dependent variable

Testosterone C N/A v v v v v v v v v
SHBG C N/A v v v v v v v v v
LH C N/A v v v v v

DHT C N/A v v v v v

Estradiol C N/A v v v v v v v

Socio-demographic

Age C 70yr v 4 v v v v v v v
Not university

Higher Education D degree or v v v v v v v v
equivalent

Ethnicity v v v v v

Marital status D Not married v 4 v 4 v v v v v
or not defacto

Site or sub-cohort v v v v v v v

BMI C 27.5 kg/m? v v v v v v v v v

Waist v v v v v v v v

Lifestyle

Alcohol D <19.2 g/day v v v v v v v v v

consumption

Physmal activity 575 mins/wk v v v v v v v v v

(vigorous level)

Smoking status D Never smoked 4 4 4 v v v v v v

Health condition / status

Diastolic BP C 80 mm Hg 4 v v v 4 v v v

Systolic BP C 135 mm Hg v v v v 4 4 v v v

Hypertension D No v v v v v v v v v

General health D Good or v v v v v v v
Excellent

Prevalent CVD D No v v v v v v v v

Prevalent cancer D No v v v v v v v v v

Prevalent v v v v v

dementia

Baseline cognition v v v v

COPD D No v v v v v v

Diabetes D No 4 v v v 4 v v v v

Cholesterol /HDL® C 4.3 v v 4 4 v v v v v

LDL C 3.2 mmol/L v v v v v v v v v

HDL C 1.3 mmol/L v v 4 4 v v v v v

Creatinine level C 90 pmol/L v v 4 4 v v 4 v v

Lipid lowering D Not taking v v v v v v v v v

medications

Anxiety v v v

Depression v v v v v v v v v

Psychotropic drug D No v v v v v v v

use

Abbreviations: ‘Type’ = C, continuous; D, discrete categories. ‘Ref” = reference level for
calculating effect size. For C variables Ref. is a reference value (approximate average across
studies); for D variables Ref. is the reference level chosen for modelling.

! Table S2 footnotes are continued over the page.
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a. Variables in blue font deemed not suitable for inclusion in Analysis 1 because: (i) the
majority of data is for white males therefore a subgroup analysis will explore the
sensitivity to results for modelling white males only instead (for ethnicity); (ii) site or
sub-cohort is specific to each study and obtained for the purpose of post hoc
investigations of heterogeneity where applicable®’; (iii) waist circumference is highly
correlated with BMI in all models (as consistent with Yeap et al.'%); (iv) baseline
cognition and depression were variously quantified among studies and thus could not be
harmonised with confidence; (v) prevalent dementia, baseline cognition, and anxiety were
obtained from too few studies. Furthermore, for those studies where it was provided,
prevalent dementia was sparsely distributed (e.g., n=1 prevalent case in each of the ARIC
and FHS datasets, after exclusions).

b. As listed in the Table 1 column for Analysis 1 in the protocol article.?

c. Total cholesterol: HDL ratio is used in preference to total cholesterol, as it is an improved
indicator of risk to heart disease.?
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Table S3. Definitions of harmonized variables.

Variable name

Definition

Justification/Rationale

Higher
Education

“University degree or equivalent” vs. “Not” (Ref.)

The attainment of a tertiary level qualification, defined as a
university degree or equivalent (at least four years of college
in the US system) or higher (e.g., post-graduate) was
provided for all IPD-level datasets although primary,
secondary, and vocational education were variously reported.
Accordingly, we constructed a binary categorical variable
grouping “University Degree or Equivalent” versus “Not” for
education (highest level qualification attained).

Marital status

“Married or Defacto” vs. “Not” (Ref.)

“Defacto” status is not reported as a category by all studies,
although “Married” is. However, “Married” and “Defacto”
were combined within the same category in SHIP data. Other
marital status categories were variously reported among the
studies. Therefore we constructed a binary categorical
variable grouping “Married or Defacto” versus “Not” values
for marital status, where “Not” includes: divorced, never
married, separated, widowed, “formerly married or cohabit”,
single, “separated or divorced”, “other”.

Alcohol
consumption

Average alcohol consumption per day as 2 categories:
<19.2 g (Ref.) vs. >19.2 g.

EMAS provided the number of days per week participants
had consumed alcohol. Dichotomizing to <5 v >5 days per
week was suggested, as this is often used by EMAS
researchers to separate non-drinkers/infrequent from frequent
alcohol drinkers. Using a reported estimate of 26.9 g ethanol
consumed per day in the EU,*® we obtain a corresponding
threshold for 5 days of average EU alcohol consumption to
be 134.5 g, or 19.2 g per day, as distributed across the week.
MAILES provided the number of alcoholic drinks per day in
categories, and we approximated the threshold of 19.2 g as 2
Australian alcoholic drinks for that study. For FHS we
obtained the number of alcoholic drinks per week, and we
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Variable name

Definition

Justification/Rationale

approximated this threshold as 1.37 US alcoholic drinks per
week. Alcohol consumption in g/week could be calculated
for all of the other study cohorts using the variables provided.

Physical activity

Duration of vigorous-intensity activity, va, as 2 categories:
va > 75 mins per week (Ref.) vs. va <75 mins per week.

The 75-minute threshold is consistent with the WHO “Global
Recommendations on Physical Activity for Health”*! for the
total duration of vigorous-intensity physical activities per
week, to improve cardiorespiratory and muscular fitness,
bone health, reduce the risk of non-communicable diseases
and depression.

Vigorous-intensity activity was specified because HIMS
provided only the number of hours of vigorous vs. non-
vigorous activity per week. BHS, FHS, HIMS collected self-
report estimates of time spent doing activities of different
intensity. For MAILES we used durations for activities that
resulted in “a large increase in heart rate or breathing”. All
other studies requested a duration estimate for a specified
type of activity. ARIC and SHIP provided the time spent
playing sport (either in categories or as continuous variables),
and we took the approximation that >2 hours of sport for
ARIC or SHIP participants as equivalent to >75 mins of
vigorous intensity activity. Where durations for different
types of activity were provided (CHS), we consulted the
Compendium of Physical Activities to identify vigorous
activities as those with a METS > 6.% For EMAS and MrOS
USA, we used values for activities categorised as strenuous
sports and muscle strength/endurance, which had been
recorded for the purpose of calculating PASE scores.*

Smoking status

“Never”’(Ref.) vs. “Former” vs. “Current” smoker.

Hypertension

Use the available definition for that study, if one exists.
This may or may not be derived wholly or in part from
self-report or evidence of taking applicable medications. If
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Variable name

Definition

Justification/Rationale

required to specify in terms of blood pressure thresholds,
we used Diastolic BP > 90 mm Hg or Systolic BP > 140
mm Hg.

General health

“Good or Excellent” (Ref.) vs. “Not”

MrOS USA provided “Poor/ Very Poor / Fair” vs. “Good /
Excellent” so individual categories for health status provided
by the other studies were pooled commensurately to form the
same binary health status categorisation.

Prevalent CVD

Use the available definition for that study, if one exists.
This may or may not be derived wholly or in part from
self-report data. If required to specify, in terms of ICD-10
codes, we used 120.0, 121-124, 150, 160, 161, 163, 164 and
169.0-169.4 or these ICD-9 codes: 410, 411.0, 411.1,
411.81, 411.89, 428, 429.79, 430, 431, 433-438.

Prevalent cancer

Use the available definition for that study, if one exists.
Specified to non-skin cancers, if possible (ICD-10 codes
C00-43, C45-C97 or ICD-9 codes 140-172, 175-209).

COPD

Use the available definition for that study, if one exists.
This may or may not be derived wholly or in part from
self-report data. Spirometry variables (FEV1, FVC) were
used when available. If required to specify, in terms of
ICD-10 codes, we used J43.1, J43.2, J43.8, J43.9, J44.0,
J44.1, J44.8, J44.9 or these ICD-9 codes: 490-492, 494,
496.

Diabetes

Use the available definition for that study, if one exists.
This may or may not be derived wholly or in part from
self-report or evidence of taking applicable medications,
fasting glucose or HbA1c measurements. If fasting blood
glucose measurements were available, we used the
threshold of > 7 mmol/L.
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Variable name

Definition

Justification/Rationale

Lipid-lowering
medications

Use the available definition for that study, if one exists. Or
picked from list of medications recorded. Otherwise
specified using ATC codes.

Psychotropic
drug use

Use the available definition for that study, if one exists. Or
picked from list of medications recorded. Otherwise
specified using ATC codes.
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Table S4A. Recruitment criteria for participants (community-dwelling men) in each study cohort.

Study

Blood
sampling

Fasting

Age
criterion

Dementia

Mobility
criterion

Notes

ARIC

Morning?!

Most?

45-642

Included

None

1. In the analyses published by Srinath et al.3* and Srinath et
al.* all samples obtained after 10:30am were excluded and it
was stated that venipuncture (for mass spectrometry
measurements of T) was performed in a fasting state. In the
IPD analysed n=1,506 (97%) out of 1,550 participants had a
fasting time of at least 8 hours recorded, with fasting time
missing for 6 participants, and n=1,371 (95%) out of 1,446
participants had recorded blood sampling before 11AM, with
missing times for 110 participants.

2.Restriction applied to cohort component initially recruited
(1987-1989). However, this study analysed IPD from Visit 4
(1996-1998).

BHS

Early
morning

Yes

>18

Included

None

Surviving members of cross-sectional surveys in Busselton
from 1966-1987 were invited to participate.®®

CHS

Most before
noon

No?®

>65

Included

Excluded
wheelchair-
bound
participants

Also excluded men treated for cancer at initial enrolment
(1989-1990) although this study analysed IPD from the 1994
visit as consistent with Shores et al.,® which excludes
participants with history of cardiovascular disease at that
study. Shores et al.® also excluded participants with prostate
cancer in 1994 but that exclusion was not applied in this
analysis.

3. In the IPD analysed n=124 (11%) out of 1,123 participants
analysed had fasted at least 8 hours prior to blood sampling.

EMAS

Before
10AM

Yes

40-79

Included

None

Initial recruitment was targeted to recruit equal numbers of
participants into each of four 10-year age bands.

FHS

Typically
7:30-
8:30AM

Yes

None*

Included

None

4. Comprised of the second and third generations of the
original cohort of participants, who were 30-62 years old,
following Bhasin et al.*’
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Study Blood Fasting | Age Dementia | Mobility Notes
sampling criterion criterion
HIMS 8-10:30AM | No® >655 Included | None 5. Norman et al.>® reported that n=3,328 (78%) out of 4,249
or early men were fasting although Chan et al.® reported an analysis of
morning only early morning fasting blood samples. In the IPD analysed
n=3,230 (78%) out of 4,121 participants were fasted.
6. Men aged 65 or older were recruited into the randomized
trial in 1996-1999 although this study analysed IPD from the
2001-2004 follow-up survey, when blood samples were
obtained.
MAILES Before Yes 35-80 Excluded’ | None 7. Excluded men who were of insufficient mental or physical
11AM ability to understand requirements of participation or to
adequately participate, or were ill or otherwise incapacitated to
attend clinics.*
MrOS USA | Morning?® Yes® >65 Included | No bilateral | 8. In the IPD analysed n=1,872 (94%) out of 2,001 participants
hip had blood samples taken before 11AM, with missing time for

replacement

one participant.

9. In the IPD analysed n=1,935 (97%) out of 2,002 participants
were fasted.

Also excluded men with a medical condition that (in the
judgement of the investigator) would result in imminent
death.*
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Study

Blood
sampling

Fasting

Age
criterion

Dementia

Mobility
criterion

Notes

SHIP

8am-7pm?*°

Noll

20-79

Included

None

10. Kische et al.*? reported that additional adjustment for time
and date of blood sampling did not substantially alter estimates
of associations of androgens with depressive symptoms and
cognitive status in cross-sectional analyses. In the IPD
analysed n=1,192 (57%) out of 2,109 participants had blood
samples taken before 11AM, with missing time for one
participant.

11. Fasting status was available for SHIP-TREND (2008-2011;
n=437) but not SHIP-0 (1997-2001; n=1,673) of the IPD
provided and analysed together for this study. In the IPD
analysed n=400 (92%) out of 437 participants with fasting
status recorded had fasted at least 8 hours prior to blood
sampling.

CHAMP

Early
morning*?

Yes

>70

Included

None

12. Hsu et al.,*® Hsu et al.** and Hsu et al.*® analysed early
morning fasting blood samples. Cumming et al.*® reported that
subjects with an afternoon appointment had blood samples
taken in their own homes, usually on the same day as their
clinic appointment.

MrOS
Sweden

Morning or
around
noon!3

Yes (1
out of 3
cities)!

69-81%

Included

No bilateral
hip
replacement

13. Serum samples drawn in the morning (before 10am; 69%
of the cohort) or around noon (between 10am and 3pm,
average 1pm; 31%).

14. Gothenburg (n=905; 37%) had fasting morning samples,
whereas the other two cities (Malmo6 and Uppsala; 63%) did
not.
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Table S4B. Recruitment criteria for participants (community-dwelling men) in each study cohort identified as potentially eligible in the bridge

search.
Study Blood sampling Fasting | Age Dementia | Mobility Notes
criterion criterion
NHANES | Morning/afternoon/ | No >20 Included | None 15. n=1,780 men in the 2011-14 wave had testosterone
2011-14 evening measured using mass spectrometry, men in the 1998-91
and 1999-2004 waves had testosterone measured using
immunoassay.*4°
Henan After overnight fast | Yes 18-79 Included | None 16. n=2,586 men, blood samples collected after at least
Rural 8-hr overnight fasting. Cross-sectional analyses
Cohort reported, but authors indicate prospective follow-up
Study planned.>%5!

None of these publications*®! contained summary estimates relevant to the IPDMA. These two cohorts could be approached for further
information to determine eligibility for inclusion should a new IPDMA be conducted in the future.
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Table S5. Values used for spline modelling of continuous predictors: knot points for spline modelling and standard deviations used for effect size
calculations.

predictor units For spline modelling* For effect size calculation

Knot points SD Ref. From To

value**

Age year 40, 70, 80 15.6 70.0 62.20 77.80
Age: younger (17-70 yr) year 15.6 43.5 35.70 51.30
Age: older (70-99 yr) year 15.6 84.5 76.70 92.30
BMI kg/m? 21.6,25.0,27.1,29.4,34.8 4.11 27.5 25.45 29.56
Diastolic BP mm Hg 60.0, 72.0, 79.0, 85.0, 99.5 11.9 80.0 74.05 85.95
Systolic BP mm Hg 108.0, 123.0, 134.5, 148.0, 174.5 20.7 135.0 | 124.65| 145.35
Cholesterol / HDL dimensionless 2.5,34,41,49,6.8 1.4 4.3 3.60 5.00
LDL mmol/L 1.8,2.6,3.1,3.7,4.8 0.9 3.2 2.75 3.65
HDL mmol/L 08,10,12,14,1.9 0.36 1.3 1.12 1.48
Creatinine umol/L 62.0, 78.0, 88.0, 97.3, 123.9 26.8 90.0 76.60 | 103.40

* = Restricted cubic splines were fitted with pre-specified knot values at the 5th, 27.5th, 50th, 72.5th, and 95th percentiles using the entire IPD
across studies*! except for age, which had knots placed at suitable values following inspection of distributions by study (at the 11.5th, 60th and
88.5th percentiles). Since age distributions varied across studies (see Supplemental Methods), the first and second knots were placed at values
where data ended in some studies, and the second knot value for age was observed in participants from all studies.

** = The reference value was the covariate mean from the entire distribution of IPD except for age, which was centred at a value within the
narrow range (i.e., 70-74 yr) common to all studies. The reference value was also used for centering each corresponding covariate.
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Table S6.

Missing data summary. Number of missing values per variable and dataset for each IPDMA of total testosterone.

Model | Study n Age | BMI Married/ | Higher Alcohol | Smoking | Physical Health Incomplete cases (%)
De Facto | Education Activity condition j* [ Study** | IPDMA***

1 ARIC 1,556 0 0 0 2 0.13 2.45
1 BHS 2,021 0 64 62 2,021 5.10 2.45
1 CHS 1,123 0 1 4 2 0.62 2.45
1 EMAS 2,832 0 39 83 53 5.33 2.45
1 FHS 3,334 0 3 6 218 6.66 2.45
1 HIMS 4,121 0 16 4 4 0.53 2.45
1 MAILES 1,975 0 3 6 30 1.67 2.45
1 MrOS USA | 2,002 0 1 0 0 0.05 2.45
1 SHIP 2,110 0 4 8 25 1.37 2.45
2 ARIC 1,556 0 0 0 2 2 1 56 3.86 14.43
2 BHS 2,021 0 64 62 2,021 343 100 760 46.21 14.43
2 CHS 1,123 0 1 4 2 0 1 17 2.23 14.43
2 EMAS 2,832 0 39 83 53 20 58 45 8.26 14.43
2 FHS 3,334 0 3 6 218 0 5 111 9.66 14.43
2 HIMS 4,121 0 16 4 4 0 2 8 0.73 14.43
2 MAILES 1,975 0 3 6 30 124 15 52 9.92 14.43
2 MrOS USA | 2,002 0 1 0 0 2 0 0 0.15 14.43
2 SHIP 2,110 0 4 8 25 132 10 11 7.16 14.43
3 ARIC 1,556 0 0 0 2 2 1 56 0 3.86 16.01
3 BHS 2,021 0 64 62 2,021 343 100 760 57 46.26 16.01
3 CHS 1,123 0 1 4 2 0 1 17 1 2.32 16.01
3 EMAS 2,832 0 39 83 53 20 58 45 21 8.30 16.01
3 FHS 3,334 0 3 6 218 0 5 111 2 9.69 16.01
3 HIMS 4,121 0 16 4 4 0 2 8 6 0.85 16.01
3 MAILES 1,975 0 3 6 30 124 15 52 4 10.13 16.01
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Model | Study n Age | BMI Married/ | Higher Alcohol | Smoking | Physical Health Incomplete cases (%)
De Facto | Education Activity condition j* [ Study** | IPDMA***

3 MrOS USA | 2,002 0 1 0 0 2 0 0 2,002 0.15 16.01
3 SHIP 2,110 0 4 8 25 132 10 11 3 7.30 16.01
4 ARIC 1,556 0 0 0 2 2 1 56 0 3.86 14.66
4 BHS 2,021 0 64 62 2,021 343 100 760 56 46.26 14.66
4 CHS 1,123 0 1 4 2 0 1 17 0 2.23 14.66
4 EMAS 2,832 0 39 83 53 20 58 45 20 8.26 14.66
4 FHS 3,334 0 3 6 218 0 5 111 1 9.66 14.66
4 HIMS 4,121 0 16 4 4 0 2 8 1 0.73 14.66
4 MAILES 1,975 0 3 6 30 124 15 52 4 10.13 14.66
4 MrOS USA | 2,002 0 1 0 0 2 0 0 40 2.15 14.66
4 SHIP 2,110 0 4 8 25 132 10 11 3 7.30 14.66
5 ARIC 1,556 0 0 0 2 2 1 56 4 4.05 14.47
5 BHS 2,021 0 64 62 2,021 343 100 760 23 46.21 14.47
5 CHS 1,123 0 1 4 2 0 1 17 0 2.23 14.47
5 EMAS 2,832 0 39 83 53 20 58 45 2 8.26 14.47
5 FHS 3,334 0 3 6 218 0 5 111 1 9.66 14.47
5 HIMS 4,121 0 16 4 4 0 2 8 0 0.73 14.47
5 MAILES 1,975 0 3 6 30 124 15 52 2 10.03 14.47
5 MrOS USA | 2,002 0 1 0 0 2 0 0 0 0.15 14.47
5 SHIP 2,110 0 4 8 25 132 10 11 6 7.25 14.47
6 ARIC 1,556 0 0 0 2 2 1 56 1,556 3.86 5.63
6 BHS 2,021 0 64 62 2,021 343 100 760 2,021 46.21 5.63
6 CHS 1,123 0 1 4 2 0 1 17 1 2.23 5.63
6 EMAS 2,832 0 39 83 53 20 58 45 30 8.62 5.63
6 FHS 3,334 0 3 6 218 0 5 111 16 9.90 5.63
6 HIMS 4,121 0 16 4 4 0 2 8 2 0.73 5.63
6 MAILES 1,975 0 3 6 30 124 15 52 6 9.97 5.63
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Model | Study n Age | BMI Married/ | Higher Alcohol | Smoking | Physical Health Incomplete cases (%)
De Facto | Education Activity condition j* [ Study** | IPDMA***

6 MrOS USA | 2,002 0 1 0 0 2 0 0 1 0.20 5.63
6 SHIP 2,110 0 4 8 25 132 10 11 21 7.35 5.63
7 ARIC 1,556 0 0 0 2 2 1 56 0 3.86 15.13
7 BHS 2,021 0 64 62 2,021 343 100 760 0 46.21 15.13
7 CHS 1,123 0 1 4 2 0 1 17 1,123 2.23 15.13
7 EMAS 2,832 0 39 83 53 20 58 45 3 8.26 15.13
7 FHS 3,334 0 3 6 218 0 5 111 0 9.66 15.13
7 HIMS 4,121 0 16 4 4 0 2 8 0 0.73 15.13
7 MAILES 1,975 0 3 6 30 124 15 52 0 9.92 15.13
7 MrOS USA | 2,002 0 1 0 0 2 0 0 0 0.15 15.13
7 SHIP 2,110 0 4 8 25 132 10 11 11 7.20 15.13
8 ARIC 1,556 0 0 0 2 2 1 56 2 3.98 14.48
8 BHS 2,021 0 64 62 2,021 343 100 760 0 46.21 14.48
8 CHS 1,123 0 1 4 2 0 1 17 0 2.23 14.48
8 EMAS 2,832 0 39 83 53 20 58 45 3 8.26 14.48
8 FHS 3,334 0 3 6 218 0 5 111 0 9.66 14.48
8 HIMS 4,121 0 16 4 4 0 2 8 0 0.73 14.48
8 MAILES 1,975 0 3 6 30 124 15 52 0 9.92 14.48
8 MrOS USA | 2,002 0 1 0 0 2 0 0 0 0.15 14.48
8 SHIP 2,110 0 4 8 25 132 10 11 17 7.49 14.48
9 ARIC 1,556 0 0 0 2 2 1 56 0 3.86 18.92
9 BHS 2,021 0 64 62 2,021 343 100 760 46.21 18.92
9 CHS 1,123 0 1 4 2 0 1 17 96 9.88 18.92
9 EMAS 2,832 0 39 83 53 20 58 45 2,832 8.26 18.92
9 FHS 3,334 0 3 6 218 0 5 111 3,334 9.66 18.92
9 HIMS 4,121 0 16 4 4 0 2 8 3 0.73 18.92
9 MAILES 1,975 0 3 6 30 124 15 52 0 9.92 18.92
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Model | Study n Age | BMI Married/ | Higher Alcohol | Smoking | Physical Health Incomplete cases (%)
De Facto | Education Activity condition j* [ Study** | IPDMA***

9 MrOS USA | 2,002 0 1 0 0 2 0 0 0 0.15 18.92
9 SHIP 2,110 0 4 8 25 132 10 11 2,110 7.16 18.92
10 ARIC 1,556 0 0 0 2 2 1 56 4 411 14.54
10 BHS 2,021 0 64 62 2,021 343 100 760 99 46.86 14.54
10 CHS 1,123 0 1 4 2 0 1 17 0 2.23 14.54
10 EMAS 2,832 0 39 83 53 20 58 45 19 8.79 14.54
10 FHS 3,334 0 3 6 218 0 5 111 4 9.78 14.54
10 HIMS 4,121 0 16 4 4 0 2 8 2 0.73 14.54
10 MAILES 1,975 0 3 6 30 124 15 52 2 9.92 14.54
10 MrOS USA | 2,002 0 1 0 0 2 0 0 0 0.15 14.54
10 SHIP 2,110 0 4 8 25 132 10 11 8 7.16 14.54
11 ARIC 1,556 0 0 0 2 2 1 56 0 3.86 16.20
11 BHS 2,021 0 64 62 2,021 343 100 760 10 46.51 16.20
11 CHS 1,123 0 1 4 2 0 1 17 42 4.19 16.20
11 EMAS 2,832 0 39 83 53 20 58 45 31 9.15 16.20
11 FHS 3,334 0 3 6 218 0 5 111 6 9.81 16.20
11 HIMS 4,121 0 16 4 4 0 2 8 0 0.73 16.20
11 MAILES 1,975 0 3 6 30 124 15 52 3 10.08 16.20
11 MrOS USA | 2,002 0 1 0 0 2 0 0 144 7.34 16.20
11 SHIP 2,110 0 4 8 25 132 10 11 195 15.36 16.20
12 ARIC 1,556 0 0 0 2 2 1 56 18 4.95 17.27
12 BHS 2,021 0 64 62 2,021 343 100 760 44 47.25 17.27
12 CHS 1,123 0 1 4 2 0 1 17 51 4.99 17.27
12 EMAS 2,832 0 39 83 53 20 58 45 99 11.37 17.27
12 FHS 3,334 0 3 6 218 0 5 111 78 11.64 17.27
12 HIMS 4,121 0 16 4 4 0 2 8 3 0.78 17.27
12 MAILES 1,975 0 3 6 30 124 15 52 95 14.08 17.27
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Model | Study n Age | BMI Married/ | Higher Alcohol | Smoking | Physical Health Incomplete cases (%)
De Facto | Education Activity condition j* [ Study** | IPDMA***

12 MrOS USA | 2,002 0 1 0 0 2 0 0 144 7.34 17.27
12 SHIP 2,110 0 4 8 25 132 10 11 189 15.07 17.27
13 ARIC 1,556 0 0 0 2 2 1 56 0 3.86 16.15
13 BHS 2,021 0 64 62 2,021 343 100 760 10 46.51 16.15
13 CHS 1,123 0 1 4 2 0 1 17 40 4.01 16.15
13 EMAS 2,832 0 39 83 53 20 58 45 27 9.00 16.15
13 FHS 3,334 0 3 6 218 0 5 111 6 9.81 16.15
13 HIMS 4,121 0 16 4 4 0 2 8 0 0.73 16.15
13 MAILES 1,975 0 3 6 30 124 15 52 3 10.08 16.15
13 MrOS USA | 2,002 0 1 0 0 2 0 0 144 7.34 16.15
13 SHIP 2,110 0 4 8 25 132 10 11 190 15.12 16.15
14 ARIC 1,556 0 0 0 2 2 1 56 0 3.86 18.77
14 BHS 2,021 0 64 62 2,021 343 100 760 6 46.36 18.77
14 CHS 1,123 0 1 4 2 0 1 17 55 5.34 18.77
14 EMAS 2,832 0 39 83 53 20 58 45 20 8.83 18.77
14 FHS 3,334 0 3 6 218 0 5 111 0 9.66 18.77
14 HIMS 4,121 0 16 4 4 0 2 8 1 0.75 18.77
14 MAILES 1,975 0 3 6 30 124 15 52 561 37.92 18.77
14 MrOS USA | 2,002 0 1 0 0 2 0 0 144 7.34 18.77
14 SHIP 2,110 0 4 8 25 132 10 11 187 14.93 18.77
15 ARIC 1,556 0 0 0 2 2 1 56 0 3.86 18.84
15 BHS 2,021 0 64 62 2,021 343 100 760 74 46.21 18.84
15 CHS 1,123 0 1 4 2 0 1 17 2 2.40 18.84
15 EMAS 2,832 0 39 83 53 20 58 45 897 37.46 18.84
15 FHS 3,334 0 3 6 218 0 5 111 3 9.72 18.84
15 HIMS 4,121 0 16 4 4 0 2 8 0 0.73 18.84
15 MAILES 1,975 0 3 6 30 124 15 52 0 9.92 18.84
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Model | Study n Age | BMI Married/ | Higher Alcohol | Smoking | Physical Health Incomplete cases (%)
De Facto | Education Activity condition j* [ Study** | IPDMA***

15 MrOS USA | 2,002 0 1 0 0 2 0 0 99 5.04 18.84
15 SHIP 2,110 0 4 8 25 132 10 11 0 7.16 18.84
16 ARIC 1,556 0 0 0 2 2 1 56 0 3.86 10.83
16 BHS 2,021 0 64 62 2,021 343 100 760 2,021 46.21 10.83
16 CHS 1,123 0 1 4 2 0 1 17 0 2.23 10.83
16 EMAS 2,832 0 39 83 53 20 58 45 897 37.46 10.83
16 FHS 3,334 0 3 6 218 0 5 111 2 9.69 10.83
16 HIMS 4,121 0 16 4 4 0 2 8 4 0.73 10.83
16 MAILES 1,975 0 3 6 30 124 15 52 0 9.92 10.83
16 MrOS USA | 2,002 0 1 0 0 2 0 0 2,002 0.15 10.83
16 SHIP 2,110 0 4 8 25 132 10 11 0 7.16 10.83

* Health conditions, from j = 1-14: Diastolic BP, Systolic BP, Hypertension, General health, prevalent CVD, prevalent cancer, COPD, Diabetes,
Cholesterol / HDL, LDL, HDL, Creatinine level, Lipid lowering medications, Psychotropic drug use.

** Percentage of participants with incomplete cases (missing values for at least one variable), excluding those variables that were entirely
missing (i.e., no observations) from a dataset (bold, shaded cells = systematic missingness).

*** Percentages of incomplete cases for combined IPD across studies (‘IPDMA”). The percentages of incomplete cases in this column are
calculated using the merged datasets, prior to imputation and model fitting.
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Supplementary Figures

Figure S1. Flow chart identifying studies selected from systematic review and the IPD and
AD obtained from those studies.

Literature search

2.177 items®
Duplicates removed
183 items®
1.994 items®
Excluded after screening
1,969 items®
Eligible “Maybe” eligible Other®©
20 items? 5 items??
‘ 8 studies ‘ ‘ 1 study ‘ 2 studies
11 studies
IPD AD
9 studies 2 studies
n=27,926 n=4,344
Exclusions® Exclusions®
n=6,852 n=269
IPD analysis cohort AD analysis cohort
n=21,074 n=4,075

a. Further details on systematic literature searches, screening and selection of items
(Journal articles, reports, theses, webpage articles), with a PRISMA flow chart for the
systematic review are reported in Marriott et al.*

b. Items identified as “Maybe” at completion of systematic screening were further
investigated using information external to the systematic review, resulting in the
identification of one additional eligible study with IPD-level data.

c. Additional studies identified through known contacts of the authors in Marriott et al.*

d. For analyses of testosterone associations, data were excluded for participants with
missing measurements of total testosterone made using mass spectrometry at baseline,
who had history of orchidectomy, or were using androgen or anti-androgen
medications.
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Figure S2. Summary curves and forest plots for the associations of sociodemographic factors with DHT and Estradiol concentrations. Presented
estimates obtained from models controlling for all other sociodemographic factors in Model 1 (refer Appendix Table Al). MD = mean
difference; vertical dashed line on summary curves identifies the reference level (ref.) for the predictor of interest; dotted lines show 95%
prediction intervals; forest plots show the MD from the reference level of the categorical predictor (refer Table S2, S3).
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Figure S3. Estimated associations of hormone variables with age and BMI by study from the
first stage of the IPDMA after controlling for all other sociodemographic predictors in
Model 1 (refer Appendix Table Al).
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Figure S4. Forest plots for the associations of lifestyle factors with testosterone, SHBG, and LH concentrations. MD = mean difference; forest
plots show the MD from the reference level of the categorical predictor (refer Supplementary Tables S2, S3). Presented estimates obtained from
models controlling for all sociodemographic and other lifestyle factors in Model 2 (refer Appendix Table Al).
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Figure S5. Forest plots for the associations of lifestyle factors with DHT and Estradiol concentrations. MD = mean difference; forest plots show
the MD from the reference level of the categorical predictor (refer Table S2, S3). Presented estimates obtained from models controlling for all
sociodemographic and other lifestyle factors in Model 2 (refer Appendix Table Al).
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Figure S6. Summary curves and forest plots for the associations of prevalent health
conditions with SHBG concentration. MD = mean difference; vertical dashed line on
summary curves identifies the reference level (ref.) for the predictor of interest; dotted lines
show 95% prediction intervals; forest plots show the MD from the reference level of the
categorical predictor (refer Table S2, S3). Presented estimates obtained from models
controlling for all sociodemographic and lifestyle factors (refer Appendix Table Al).
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Figure S7. Summary curves and forest plots for the associations of prevalent health
conditions with LH concentration. MD = mean difference; vertical dashed line on summary

curves identifies the reference level (ref.) for the predictor of interest; dotted lines show 95%

prediction intervals; forest plots show the MD from the reference level of the categorical
predictor (refer Table S2, S3). Presented estimates obtained from models controlling for all
sociodemographic and lifestyle factors (refer Appendix Table Al).
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Figure S8. Summary curves and forest plots for the associations of prevalent health
conditions with DHT concentration. MD = mean difference; vertical dashed line on summary
curves identifies the reference level (ref.) for the predictor of interest; dotted lines show 95%
prediction intervals; forest plots show the MD from the reference level of the categorical

predictor (refer Table S2, S3). Presented estimates obtained from models controlling for all

sociodemographic and lifestyle factors (refer Appendix Table Al).
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Figure S9. Summary curves and forest plots for the associations of prevalent health
conditions with estradiol concentration. MD = mean difference; vertical dashed line on
summary curves identifies the reference level (ref.) for the predictor of interest; dotted lines
show 95% prediction intervals; forest plots show the MD from the reference level of the
categorical predictor (refer Table S2, S3). Presented estimates obtained from models

controlling for all sociodemographic and lifestyle factors (refer Appendix Table Al).

a) Systolic BP

b) Diastolic BP

c) Total Cholesteral / HDL

-60 -

% 15 15 15
g 104 104 104
a
=]
w59 & 51
e
E [i} - 0 o
H 1 H
i i i
a -sd H 5 1 & 1
= H H H
g 104 : -1 -104
B-15 . . T T T T -5 T T ; T . — -15l— T T T . : .
w 100 120 140 160 180 200 50 1] 70 0 a0 100 110 2 3 4 &8 [} 7 ]
Systolic BP (mm Hg) Diastolic BP {mm Hg) Total Cholesterol ! HDL
d) LDL e) HDL f) Creatinine
% 15 159 15
E 104 104 104
8
w5 5 5
e
E o 0 0
g -5 -5 -5
= H H :
= H H H
§ =104 | =104 | =104 i
H H H
H H H
B sl . — . . 15l : . . -151 . : . . T T
w 1 2 3 4 8 G 05 10 15 20 25 40 85 =i 115 140 165 190
LDL {(mmol/L) HDL {mmolfL) Creatinine (umol/L)
g) Health: not Good or Excellent h) Hypertension i) Diabetes
Study MD 95% | Study MD 85% C1 Study MD 5% CI
EMAS - 342 [101; 538 BHS — S5 -029 [-348 230] BHS —]— -273 [-B.4E; 302]
FHe i 240 [-4.79 950] EMAS —_— 066 [-1.50; 2a5] EMAS —8 -290 [-6.23; 044]
HIME 075 |23 179 FHS —f—— 157 [-225 541] FHS Sre— 232 [-305, 773
MAILES 158 (e 497) HIME — 016 [-200; 237] HIME -4 -197 [-458; 054]
VDS USA 387 (787 01 MALES e——oI|: -5.86 [-11.2Z -0.50] MAILES ———+—= 385 [-505 1235
T [T.5Z 012 MrOS USA —s=— 1£2 [-LIT; 447 MIOS USA —— -318 [-7.3& 1.00]
SHIR 3.36 [-5.441219) SHIP — =211 [-4.35; 857] SHP =+ 610 [-23.00 1050]
Summary - 013 [-2.38; 3.3] Summary -1:-- 040 [-1.12; 1.51] Summary -b -1.83 [-3.74; -0.04]
Pred. interval [Tz 770 Fred. Interal [-1.19; 199] Ered. Interval [-3.3; 005
LI S e s | T Tt
-t -= o0 5 10 -8 -6 -4-20 2 4 & -5 -8 -5 @O 5 10
Estradiol (pmoliL) Eafradiol [pmediL) Ezfratiol (pmodL
jlcvo k) Cancer 1) COPD
Study MD 95% Cl1
Study MD 5% CI Study MD 5% CI
BHS —f— -1.83 [B.14; £.45] BHS — -283 [-12.00; 5.34]
EMAS - 067 322 1.88] EMAS = 087 [-5.14: 3.40] BHS —o—|—= -556 [-1242 131
FHE | —— 602 [-0.14; 12.17] FHS — | 48T 18 144] : [ : 1
HIMS = -0.09 [-1.99 HIMS = -5.74 [-8.48-2.95] HIMS - -101 298 145]
MAILES 316 [-5.44; MAILES =——+——— -7.31 [-18.85; 4.28] MIOS USA —— D49 [-3.84; 492
MroS USA B 0.89 [-2.49; 4.27] MIrDS USA = -5.51 [-B.64;-2.35] :
SHIP ————————»i434 [1.1627.53] SHIP — 11—+ 58 [-0.8% 2165 :
H Summsary -108 [-5.2% 313]
summary 032 [F1.71; 2.36] Summary - -4.47 [-5.74; -2.20] Fred. intereal [-13.51; 11.36]
Pred. interval ~1.82; 2.48] Fred. Ingerval [-783;-1.11] —
I_I_'_|_|_|_| [ ] -5 -0 -5 0 5 1
-1° -5 0 5 10 15 20 -1§-10 -5 0 5 W 15
Exhadln:‘pmnm_] Estradiol [pmeliL) Eafradiol (pmodiL)
m) Lipid lowering medication use n) Psychotropic drug use
Study MD 95% CI Study MD 33% CI
BHS ———  -14z a5 a7 EMAS ] -142 [-575; 351
EMAS — -164 [4.5% 1.25 i _ o
FHS —si -326 [7.5% 1.07] FHs : 441 [M1280; 3.99)
HIMS - -1.43 [-35% 0.04] HIMS —t “570 [-B.8Z -247]
MAILES —_— 110 [-5.4% 6.21] MAILES———%+—— -5.80 [-14.98; 3.39]
MrOS USA — -270 [-5.75 0.37] aHID < ; s 424 [-1601;2447]
SHIF —— 218 [F7.7Z 1210 :
Summary Fe 192 [-2.75; -1.08] summary  -em— -4.01 [-7.28; -0.74]
Pred. interal [-2.60; -1.04] Pred. Interval [-5.74 173
-2 -5 a s 10 =15 -10 -§ o 5 10
Estradiol {pmaliL} Estradiol (pmolL)



Figure S10. Associations of LH with creatinine among studies providing IPD for both
variables (1 = 72.3, CI 55.0, 83.0). Presented estimates obtained from models controlling for
all sociodemographic and lifestyle factors (refer Appendix Table Al).
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Figure S11. Comparison of summary curves for the association of hormone variables with
age when modelled using a restricted cubic spline versus a cubic polynomial function.
Presented estimates obtained from models controlling for all other sociodemographic factors
in Model 1 (refer Appendix Table Al).
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Figure S12. Comparison of summary estimates for studies with data on baseline testosterone
concentration and the predictor of interest (excluding studies with missing data) versus
estimates from all studies that provided IPD-level data, which had the missing variable
systematically imputed. MD = mean difference from the reference level or value (refer
Tables S2, S3).
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3 Diastolic BP* -0.40 (-0.72--0.08) -0.47 (-0.81--0.13)
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9 COPD Yes -0.70 (-1.80- 0.39) -0.66 (-1.53- 0.21)
16 Psychotr. drug Yes -0.54 (-0.99--0.08) -0.54 (-0.94--0.13)

a. Effect sizes presented as change for 1 standard deviation increase around the Ref. value;
Ref. values listed in Supplementary Table S3 (summary of harmonised variables).
b. <Good = Fair, Poor or Very Poor.
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Figure S13. Comparison of summary estimates for studies with data on baseline SHBG
concentration and the predictor of interest (excluding studies with missing data) versus
estimates from all studies that provided IPD-level data, which had the missing variable
systematically imputed. MD = mean difference from the reference level or value (refer
Tables S2, S3).
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a. Effect sizes presented as change for 1 standard deviation increase around the Ref. value;
Ref. values listed in Supplementary Table S3 (summary of harmonised variables).
b. <Good = Fair, Poor or Very Poor.
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Figure S14. Comparison of summary estimates for studies with data on baseline LH

concentration and the predictor of interest (excluding studies with missing data) versus
estimates from all studies that provided IPD-level data, which had the missing variable
systematically imputed. MD = mean difference from the reference level or value (refer

Tables S2, S3).
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a. Effect sizes presented as change for 1 standard deviation increase around the Ref. value;
Ref. values listed in Supplementary Table S3 (summary of harmonised variables).
b. <Good = Fair, Poor or Very Poor.
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Figure S15. Comparison of summary estimates for studies with data on baseline DHT
concentration and the predictor of interest (excluding studies with missing data) versus
estimates from all studies that provided IPD-level data, which had the missing variable
systematically imputed. MD = mean difference from the reference level or value (refer
Tables S2, S3). A comparison of estimates was not required for the association with diastolic
blood pressure because either DHT and diastolic blood pressure were available or neither
were available, and in the latter cases systematic imputations were not done.
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Figure S16. Comparison of summary estimates for studies with data on baseline estradiol
concentration and the predictor of interest (excluding studies with missing data) versus
estimates from all studies that provided IPD-level data, which had the missing variable
systematically imputed. MD = mean difference from the reference level or value (refer
Tables S2, S3).
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16 Psychotr. drug Yes -4.01 (-7.28--0.74) -3.90 (-6.77--1.03)

a. Effect sizes presented as change for 1 standard deviation increase around the Ref. value;
Ref. values listed in Supplementary Table S3 (summary of harmonised variables).
b. <Good = Fair, Poor or Very Poor.
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Figure S17. Sensitivity of summary curves to the inclusion of ethnicity types other than
“White”. Plots compare summary curves for the associations of total testosterone (T) with
participant age (a, b) and BMI (c, d). Comparisons are made: (i) from IPD where the
ethnicity type was supplied as a variable (a, c); (ii) of subsets of IPD where participants are
classified as being White on the basis of recorded ethnicity and other information (b, d).
MD = mean difference from the reference value (refer Tables S2, S3).
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e. IPD with Ethnicity variable supplied: ARIC, CHS, FHS, MAILES (FAMAS Wave 1
cohort), MrOS USA.

f. AIl'IPD, as included in the main analysis, with no subsetting based on ethnicity type:
ARIC, BHS, CHS, EMAS, FHS, HIMS, MAILES, MrOS USA, SHIP.

g. IPD with Ethnicity variable supplied which has been subsetted to White participants
only, and from one additional study comprised entirely of White participants: ARIC,
CHS, FHS, MAILES (FAMAS Wave 1 cohort), MrOS USA, SHIP.

h. IPD with Ethnicity variable supplied which has been subsetted to White participants
only, and from additional studies comprised entirely, or almost entirely, of White
participants: ARIC, BHS, CHS, FHS, HIMS, MAILES (FAMAS Wave 1 cohort),
MrOS USA, SHIP.
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Figure S18. Sensitivity of summary estimates to the inclusion of ethnicity types other than “White”. Summary estimates show the mean
difference from the reference level of the categorical predictor for different subsets of IPD, based on ethnicity type. Vertical grey lines
represent the 95% confidence interval for the summary estimate calculated from all IPD, as included in the main analysis, which had no sub-

setting based on ethnicity type.
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‘Ethnicity=Any’. IPD with Ethnicity variable supplied, not subsetted: ARIC, CHS, FHS, MAILES (FAMAS Wave 1 cohort), MrOS



. “All White’. IPD with Ethnicity variable supplied which has been subsetted to White participants only, and from one additional study
comprised entirely of White participants: ARIC, CHS, FHS, MAILES (FAMAS Wave 1 cohort), MrOS USA, SHIP; n=9,611.

‘Almost entirely’ White. IPD with Ethnicity variable supplied which has been subsetted to White participants only, and from additional

studies comprised entirely, or almost entirely, of White participants: ARIC, BHS, CHS, FHS, HIMS, MAILES (FAMAS Wave 1 cohort),

MrOS USA, SHIP; n=15,753.

. ‘Almost entirely’ White. IPD with Ethnicity variable supplied which has been subsetted to White participants only, and from additional

studies comprised entirely, or almost entirely, of White participants: ARIC, CHS, FHS, HIMS, MAILES (FAMAS Wave 1 cohort),

MrOS USA, SHIP. BHS did not have an education variable so was omitted from this sensitivity analysis; n=13,732.

. ‘Ethnicity=White’. IPD with Ethnicity variable supplied, subsetted to White participants only: ARIC, FHS, MAILES (FAMAS Wave 1
cohort), MrOS USA; n=6,548. CHS data omitted because participants with history of CVD were excluded in that study.

. ‘Ethnicity=Any’. IPD with Ethnicity variable supplied, not subsetted: ARIC, FHS, MAILES (FAMAS Wave 1 cohort), MrOS USA;
n=8,068. CHS data omitted because participants with history of CVD were excluded in that study.

. “All White’. IPD with Ethnicity variable supplied which has been subsetted to White participants only, and from one additional study
comprised entirely of White participants: ARIC, FHS, MAILES (FAMAS Wave 1 cohort), MrOS USA, SHIP; n=8,658. CHS data

omitted because participants with history of CVD were excluded in that study.

‘Almost entirely’ White. IPD with Ethnicity variable supplied which has been subsetted to White participants only, and from additional

studies comprised entirely, or almost entirely, of White participants: ARIC, BHS, FHS, HIMS, MAILES (FAMAS Wave 1 cohort),

MrOS USA, SHIP; n=14,800. CHS data omitted because participants with history of CVD were excluded in that study.
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Figure S19. Contour-enhanced funnel plots. Estimates from studies with individual
participant data are presented as solid (black) dots and without as white dots. Contours show
regions of the probability of a mean difference (MD) not different from zero. Egger’s tests of
symmetry were done for plots of at least 10 studies, with P<0.1 taken to indicate evidence of
asymmetry. * = Funnel plots show the effect size as the change in testosterone from an
increase in 1 SD of: (a) age around the reference age of 70 years; (b) BMI around the
reference mean of 27.5 kg/m?. Summary estimate from the analysis of studies with IPD only
is shown as the vertical dashed line (brown). This figure is continued onto the next page.
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Figure S19 (continued from previous page).
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Figure S20. Summary curves for the associations of (a) baseline testosterone concentration (nmol/L) with baseline age and (b) baseline LH
concentration (1U/L) with age, for all IPD versus IPD for men who were free of hypertension, diabetes, CVD, cancer, COPD, who were not
taking lipid-lowering medications, and had serum creatinine < 150 umol/L (i.e., Subgroup A). Shaded regions are respective 95% Cls and dotted
lines show 95% prediction intervals of the summary curve estimated for Subgroup A. MD = mean difference from that calculated at the
reference age (70 years). * = IPD meta-analysis of Subgroup A excluded data from three studies who did not provide IPD on COPD status
(EMAS, FHS, SHIP).
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Figure S21. Summary curves for the associations of (a) baseline testosterone concentration (nmol/L) with baseline age and (b) baseline LH
concentration (IU/L) with age, for all IPD versus IPD for men who were free of hypertension, diabetes, CVD, cancer, who were not taking lipid-
lowering medications, and had serum creatinine < 150 umol/L (i.e., Subgroup B). Shaded regions are respective 95% Cls and dotted lines show
95% prediction intervals of the summary curve estimated for Subgroup B. MD = mean difference from that calculated at the reference age (70
years). * = COPD status was not used as a criterion to determine the subgroup of disease-free men in this analysis to ensure that IPD from all
available studies could be used (because COPD status was not available from 3 of the studies who supplied IPD).
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