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Abstract

AIM

To determine how statins, testosterone (T) replacement
therapy (TRT) and phosphodiesterase 5-inhibitors (PDESI)
influence age related mortality in diabetic men.

METHODS

We studied 857 diabetic men screened for the BLAST
study, stratifying them (mean follow-up = 3.8 years)
into: (1) Normal T levels/untreated (total T > 12 nmol/L
and free T > 0.25 nmol/L), Low T/untreated and Low
T/treated; (2) PDE5I/untreated and PDE5I/treated;
and (3) statin/untreated and statin/treated groups. The
relationship between age and mortality, alone and with
T/TRT, statin and PDES5I treatment was studied using
logistic regression. Mortality probability and 95%CI were
calculated from the above models for each individual.

RESULTS

Age was associated with mortality (logistic regression, OR
= 1.10, 95%CI: 1.08-1.13, P < 0.001). With all factors
included, age (OR = 1.08, 95%CI: 1.06-1.11, » < 0.001),
Low T/treated (OR = 0.38, 95%CI: 0.15-0.92, P = 0.033),
PDESI/treated (OR = 0.17, 95%CI: 0.053-0.56, 2 = 0.004)
and statin/treated (OR = 0.59, 95%CI: 0.36-0.97, P =
0.038) were associated with lower mortality. Age related
mortality was as described by Gompertz, 7 = 0.881 when
Ln (mortality) was plotted against age. The probability
of mortality and 95%CI (from logistic regression) of
individuals, treated/untreated with the drugs, alone and in
combination was plotted against age. Overlap of 95%CI
lines was evident with statins and TRT. No overlap was
evident with PDE5SI alone and with statins and TRT, this
suggesting a change in the relationship between age and
mortality.

CONCLUSION

We show that statins, PDESI and TRT reduce mortality
in diabetes. PDE5I, alone and with the other treatments
significantly alter age related mortality in diabetic men.

Key words: Type 2 diabetes; Mortality; Gompertz-Make-
ham equation; Phosphodiesterase 5 inhibitors; Male
hypogonadism; Statins; Testosterone replacement therapy

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We have described a study of men with type 2
diabetes showing that mortality rates are in accordance
with the pattern described nearly 200 years ago by
Benjamin Gompertz. The data show that statin, phos-
phodiesterase 5 inhibitors (PDESI) and testosterone
replacement in hypogonadal men reduce all-cause
mortality. PDE5I, alone and in combination with the other
2 agents alters the association between age and mortality,
thus improving prognosis. The graphical illustrations
adopted in this paper communicate the impact of medical
intervention very effectively to patients and this could
potentially improve compliance leading to significant
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INTRODUCTION

In 1825, Benjamin Gompertz described a law defining
human mortality based on the equation, p(x) = a X
€™, with u(x) being the mortality rate at age x years
and, o and B (considered to be the ageing rate) being
constants', Subsequently, Makeham proposed a modified
Gompertz equation, u(x) = a x €* + v, that included a
factor (y) describing extrinsic mortality thereby allowing
the effect of age -independent and -dependent factors
on mortality to be studied!?!. Avoidance of external
factors such as conflict or starvation results in the age-
independent component having less impact on death rate
and therefore, mortality increases exponentially with age.
It has been suggested that B is similar for all populations
and it is the intercept (o) that varies®™. In developed
countries, the age-independent intercept is influenced
by medical care as many treatments have a significant
impact on mortality though factors encountered in early
life can also influence later outcomes™.

Mortality in type 2 diabetes (T2DM) is associated
with age and therapy. Patients have a 1.5-2.5 fold higher
mortality than the general population®™® with men and
women suffering a mean 7.5 years and 7 years reduction
in life expectancy respectively™. This increase in mor-
tality appears related to the age at diagnosis, being lower
in patients diagnosed their late 70 s compared with those
aged in their mid-40 s,

Several inter-related pathologies are associated
with mortality in T2DM and accordingly, statins and
in men, testosterone replacement therapy (TRT) and
phosphodiesterase 5 inhibitors (PDE5SI) are commonly
prescribed. Since rates of cardiovascular disease (CVD)
associated mortality are 2-4 times higher than in non-
diabetics, reduction of serum LDL-cholesterol is a key
aim™®, Statins are the mainstay of lipid lowering therapy
with trials demonstrating marked reductions in CVD in
T2DM patients™®'!, Male hypogonadism characterised
by low serum testosterone and sexual dysfunction is
common in diabetics and also linked with mortality™*™*,
Studies in men with diabetes show low serum free
testosterone is associated with carotid atherosclerosis
identified by carotid artery intimal thickness and plaque
score!’®, All-cause mortality is greater in those with low
compared with normal total testosterone levels!'”). Three
studies, two in men with T2DM, suggest TRT reduces
all-cause mortality™’*. A randomized controlled study
of men with T2DM showed TRT improves symptoms
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of hypogonadism, the different symptoms significantly
improving at varying testosterone thresholds™”. Im-
portantly, in T2DM patients, erectile dysfunction (ED)
appears to be an independent predictor of vascular
disease and mortality™**), PDESI have beneficial
effects on endothelial function, insulin resistance and
possess potentially cardio-protective propertiest**"*%,
Gazzaruso et al™® showed that PDESI use in T2DM men
was associated with reductions in major adverse cardiac
events and angiography confirmed coronary artery
disease. Our longitudinal prospective study indicated
that PDESI use was possibly associated with reduced
mortality independent of TRT and statin therapy!'?.
Further, Anderson et al”* reported a 31% reduction in
all-cause mortality and 26% reduction in myocardial
infarction in men with T2DM prescribed PDESI.

We recently reported in a prospective longitudinal
study of 857 men with T2DM that TRT and PDESI were
independently associated with increased survival in men
with T2DM™, Importantly baseline body weight, body
mass index, lipids, glycaemic control and hypertension
were not associated with mortality. We now describe
a retrospective analysis of this cohort determining the
association between age and mortality, establishing
whether the mortality rate follows the pattern described
by Gompertz and estimating how testosterone status
and treatments (statins, TRT and PDESI) alter this
relationship.

MATERIALS AND METHODS

This study is a retrospective analysis of follow-up data
obtained in 857 men with T2DM screened following
informed consent for the randomised double blind
placebo controlled BLAST (Birmingham, Lichfield, Ather-
stone, Sutton and Tamworth) study designed to inves-
tigate the effects of long acting testosterone on clinical
symptoms and metabolic parameters over a 30 wk
treatment period®. The patients were listed in the
registers of 5 English Midlands practices and initially
screened for total testosterone (TT) and free testosterone
(FT) during April 2007-April 2009. Based on total and
free testosterone levels, the 857 men were classified
as Normal T (total testosterone > 12 nmol/L and free
testosterone > 0.25 nmol/L) or Low T (total testosterone
< 12 nmol/L or free testosterone < 0.25 nmol/L) with
a second measurement taken at least 2 wk later in men
with TT < 12 nmol/L, according to the Endocrine Society
clinical practice guidelines'®. The BLAST intervention
study were approved by the West Midlands Regional
Ethics Committee (reference: 08/H1208/30), the Nati-
onal Institute for Health Research (Birmingham and the
Black Country Comprehensive Local Research Park -
RM&G reference: 1268) and Warwickshire Primary Care
Trust (reference: WAR230909) with the long term follow-
up approved as an audit by all the appropriate Primary
Care Trust Ethics Committees.

United Kingdom Primary care diabetes care treatment
of glycaemic control, dyslipidaemia and hypertension
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is protocol and guideline driven as part of the Quality
Outcomes Framework initiative. TRT was prescribed
according to the BLAST study programme'®**®. The
United Kingdom NHS regulations allowed PDESI pre-
scribing for ED in men with diabetes with a suggested
regime of 1 dose/wk!*”.,

The 857 men were categorised by statin, TRT and
PDESI treatment at death or final visit, firstly, by statin
treatment; 195 men were Statin/untreated and 662
men Statin/treated, secondly by hypogonadism and
TRT; 320 men were Normal T (TT > 12 nmoL/L and FT
> 0.25 nmol/L)/untreated, 362 men were Low T (TT
< 12 nmol/L or FT < 0.25 nmol/L)/untreated and 175
men were Low T/treated (TT < 12 nmol/L or FT < 0.25
nmol/L)/treated and thirdly, by PDE5I treatment; 682
men were PDE5SI/untreated and 175 men were PDESI/
treated. Mortality data was collected from the general
practice databases, hospital letters and death certificates.

Laboratory methods

Statin and TRT prescribing was based on protocols based
on laboratory measurements. Serum sex hormone
binding globulin, albumin and lipids were analysed using
a Roche Modular automated analyzer (Roche Diagnostics,
Burgess Hill, United Kingdom). Early morning fasting
TT was measured using the validated Roche common
platform immunoassay. FT was calculated using the
Vermeulen et af*®.

Stata version 8 (College Station, TX) was used for
statistical analyses with all-cause mortality as primary
end point. Differences in mortality between the alive and
deceased groups were identified using z° (statin, PDESI,
TRT and hypogonadism) and unpaired t-test (age at
death or final visit). Logistic (and logit) regression was
initially carried out to study the association between
death/survival (dichotomous outcome) and age at death
or final follow-up visit as the independent variable.
Subsequently, separate models were developed with each
treatment (statins, testosterone (status and treatment)
and PDESI) being included with age at death or final visit
as the independent variables. Discrete ordinal variables
were factorised with one category selected as reference.
In the testosterone groups, Low T/untreated was selected
as reference as Normal T/untreated and Low T/treated
differed by one characteristic, i.e., TT and FT concentration
and TRT respectively. Patients on statins and PDESI were
compared to those not on treatment (reference groups).
We estimated individual probability of mortality (and
95%CI for each man using separate logistic regression
models. The statistical approaches used were reviewed
by author, Professor Peter W Jones, Professor of Medical
Statistics, Keele University, and considered appropriate.

RESULTS

Table 1 presents the data used to compare the age and
treatment details of men who either survived or died
during the study. The Table shows the mean age of the
total study group and of the 754 men alive at study end
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Table 1 Mortality in men with type 2 diabetes stratified by treatment with statins, testosterone status/treatment, phosphodiesterase

5-inhibitors and combinations of treatments 7 (%)

Total group Alive Deceased P value

Patient 857 754 103
Mean age at death or last visit/SD (yr) 67.4/11.6 66.2/11.3 76.2/10.2 <0.0001"
Patient numbers (%) stratified by treatment

Statin/untreated 195 (22.8) 162 (21.5) 33 (32.0) 0.017*

Statin/ treated 662 (77.3) 592 (78.5) 70 (68.0)

Normal T/untreated 320 (37.3) 284 (37.7) 36 (35.0) <0.001*

Low T/untreated 362 (42.2) 301 (39.9) 61 (59.2)

Low T/treated 175 (20.4) 169 (22.4) 6(5.8)

PDE5I/ untreated 682 (79.6) 582 (77.2) 100 (97.1) <0.001°

PDE5I/ treated 175 (20.4) 172 (22.8) 3(2.9)
Not on any of the above therapeutic agents 125 (14.6) 92 (12.2) 33 (32.0) 0.002
On all 3 therapeutic agents 45 (5.3) 43 (5.7) 2(1.9)

"Unpaired t test; % analysis.

Table 2 Association between age and mortality corrected

for statin treatment, testosterone status/treatment and phos-
phodiesterase 5-inhibitors treatment

OR (95%Cl) P value
Model a
Age (yr) 1.10 (1.08-1.13) <0.001
Model b
Age (yr) 1.10 (1.07-1.13) <0.001
Statin/untreated Reference
Statin/treated 0.63 (0.39-1.01) 0.057
Model ¢
Age (yr) 1.10 (1.07-1.12) <0.001
Normal T/untreated 0.61 (0.42-1.07) 0.092
Low T/untreated Reference
Low T/treated 0.31 (0.13-0.75) 0.009
Model d
Age (yr) 1.09 (1.07-1.12) <0.001
PDES5I/untreated Reference
PDE5I/ treated 0.16 (0.051-0.54) 0.003
Model e
Age (yr) 1.08 (1.06-1.11) <0.001
Statin/untreated Reference
Statin/treated 0.59 (0.36-0.97) 0.038
Normal T/untreated 0.69 (0.43-1.10) 0.120
Low T/untreated Reference
Low T/treated 0.38 (0.15-0.92) 0.033
PDES5I/untreated Reference
PDESI/ treated 0.17 (0.053-0.56) 0.004

PDES5I: Phosphodiesterase 5-inhibitors.

and 103 deceased men. Mean age in the deceased group
was significantly higher (P < 0.0001) than in survivors.
Table 1 also shows the proportion of alive/deceased men
treated with statin or PDESI. In the deceased group, a
significantly lower proportion of men were treated with
statins (68.0%, P = 0.017) or PDES5I (2.9%, P < 0.001)
compared with survivors (78.5%, 22.8% respectively).
To assess the impact of hypogonadism and TRT on
mortality, we stratified the 857 men into three groups;
Normal T/untreated (eugonadal), Low T/untreated and
Low T/treated. Table 1 shows in the deceased group that
the proportions of men given TRT (5.8%, P < 0.001) or
who were eugonadal (35.0%, P = 0.037) was significantly
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lower than that of men in the Low T/untreated group
(59.2%).

Importantly, in two of the treatment groups the age
at final visit of survivors varied; PDE5I treatment (PDE5SI/
untreated: Mean age = 67.2 £ 10.1 years, PDE5I/
treated: Mean age = 62.7 £ 10.0 years, P < 0.0001)
and TRT (Low T/untreated: 67.3 £ 11.3 years, Low
T/treated: 61.8 £ 10.9 years, P < 0.0001) patients. No
corresponding difference in age at final visit in survivors
was observed in the Statin/untreated vs Statin/treated
and Normal T/untreated vs Low T/untreated groups. Age
at death did not significantly differ with statin (Statin/
untreated: Mean age = 77.0 £ 10.5 years, Statin/
treated: Mean age = 75.8 £ 10.1 years, P = 0.56) or
PDESI treatment (PDESI/untreated: Mean age = 76.4
+ 10.1 years, PDE5I/treated: Mean age = 67.0 £ 13.3
years, P = 0.11). Importantly, only 3 patients on PDE5I
treatment died during follow-up (Table 1). Interestingly,
age at death varied between the testosterone groups
(Normal T/untreated: Mean age = 73.9 £ 10.6 years
vs Low T/untreated: Mean age = 78.4 £ 8.9 years, P =
0.0.028, Low T/untreated: Mean age = 78.4 £ 8.9 vs
Low T/treated: Mean age 66.3 £ 13.1 years, P = 0.0034).

As age at death or final visit differed between the
treatment and testosterone status groups we used logistic
regression analyses to see if the associations in Table
1 were independent. Table 2 shows age is associated
with mortality regardless of the other factors added to
regression models (Models a-e). Significant reduction in
mortality was observed with TRT (Low T men - Model c)
and PDESI (Model d) treatments while the benefit due to
statins approached significance (Model b). All 3 treatments
were significantly associated with decreased mortality
when entered together (Model €).

We determined if our mortality data adhered to the
Gompertz-Makeham equation. Figure 1 shows mortality
rate (as % and logarithmic values) plotted against age
(as 5 year categories). A linear relationship was observed
between Ln (mortality) and age (R* = 0.881) suggesting
that the mortality observed in our cohort did fit the
pattern initially described by Gompertz.
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Figure 2 Mortality rates by age at death or final visit observed in the total group and treatment categories. PDE5I: Phosphodiesterase 5-inhibitors.

However, our cohort is heterogeneous as it comprises
men on varying treatments that influence mortality (Table
1). Figure 2 displays the relationship between mortality
rates in the total group and in the different treatment and
age categories (5 years selected due to lower numbers
in the subgroups). As predicted in the logistic regression
analyses (Table 2), statin, TRT and PDES5I treatments
reduced the age related mortality, though the reduction
differed in the age categories.

To further graphically demonstrate the impact of
statin, TRT and PDE5I on mortality, the probability of
mortality of each patient together with the 95%CI were
estimated from the logistic regression analyses in Table
2. Figures 3 show the probability of mortality plotted
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against the age of the patient in the total cohort, by the
treatment groups and by treatment combination (men
on all 3 treatments vs not on any of the treatments).
In the statin (Figure 3B) and TRT (Figure 3C) plots
some overlap in the 95%(CI is seen between treated
compared to untreated men. For PDESI (Figure 3D) and
combination treatments (Figure 3E) no overlap of 95%CI
values was observed after 50 years of age indicating the
relationship between mortality and age is significantly
altered.

DISCUSSION

In a recent longitudinal study we showed that in men
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Figure 3 Association between probability of mortality and age. The estimated mortality probability and 95%CI from the fitted logistic regression (Table 2) were
calculated from the logistic regression analyses seen in Table 2 and plotted against age at death or final visit in the following groups. Age was restricted to between
50-80 years due to reduced patient numbers in the treatment (Low T/treated and PDES5l/treated) groups (> 80 years) and the exponential pattern only being evident
in the total group over the age of 50 years (Figure 1). A: Total group (from Model a in Table 2); B: Men stratified by statin treatment (from Model b in Table 2); C: Men
stratified by testosterone treatment (from Model ¢ in Table 2); D: Men stratified by PDESI treatment (from Model d in Table 2); E: Men on all and none of the above

treatments (from Model e in Table 2). PDE5I: Phosphodiesterase 5-inhibitors.

with T2DM, hypogonadism is associated with increased
mortality compared to eugonadal men. Importantly TRT
abolished this increase in mortality!®’. PDESI (HR = 0.21,
P = 0.009) and possibly statin (HR = 0.69, P = 0.086)
use were also observed to reduce mortality™. Our aim in
this paper was to determine how these three commonly
used treatments influence the association between
age and mortality in T2DM men. Our approach was to
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determine the probability of a patient in each treatment
group living or dying at a particular age. Importantly,
the Gompertz-Makeham law accurately describes the
association between age and mortality in subjects aged
approximately between 30-80 years, an age range that
encompasses most of our study group.

Data on the United Kingdom Government Web
Archive (http://webarchive.nationalarchives.gov.uk/20160
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105160709/http://www.ons.gov.uk/ons/rel/vsobl/death-
reg-sum-tables/2013/sty-mortality-rates-by-age.html
- accessed 2016 Oct 24) shows firstly, the relevance of
the Gompertz model; mortality rates between 1963 and
2013 demonstrate an exponential pattern similar to that
described nearly 200 years ago by Gompertz. Secondly,
the Archive data show that while the adult mortality
rate had fallen during 1963-2013, possibly because of a
reduction in CVD resulting from statin use and smoking
cessation, it still demonstrated an exponential pattern in
both genders.

In this study, we used a retrospective approach based
on logistic regression to study the impact of treatment on
the association between age and mortality. Accordingly,
we compared results from this study with those from
a previous prospective longitudinal analysis™. As ex-
pected, similar independent associations between the
treatments and mortality were observed (Table 2, model
e) enabling us to examine the impact of treatment on
the relationship between age and probability of mortality.
The relationship between age and mortality remained
significant regardless of which (single or combination)
treatment factors were added to regression models.

Life tables derived from data from an adult population
will reflect a combination of phenotypes related to
lifestyle, pathology, therapy and genetic factors that
confer varying risks of dying at a particular age. Thus,
we did not expect such a close fit (R> = 0.881) as that
observed when the mortality rates of our total cohort
were transformed logarithmically and plotted against
age. It was tempting to carry out a similar exercise
in the treatment and non-treatment subgroups but
small patient humbers and low mortality rates in the
testosterone and PDESI treated men prevented this.
Greater patient numbers with higher event rates would
have permitted a study of these subgroups.

Using logistic regression to estimate probability of
mortality for each individual patient allowed graphic
demonstration of the impact of treatment on age, the
most significant predictor of death. Whilst statin use
and TRT did not show a statistically significant effect
on the relationship between age and mortality, PDESI
treatment and combination (statin, TRT and PDE5I)
treatment clearly did with no overlap of 95%CI. These
results are compatible with studies showing that in T2DM
patients, treatment with vardenafil results in improved
endothelial parameters including flow-mediated dilation,
interleukin-6 and testosterone levels” and indicate that
a randomised controlled trial (RCT) is required for PDESI
and TRT in men with T2DM. It would be interesting
if some of the large RCTs carried out showing statin-
associated reductions in all-cause mortality such as 4S
were analysed to establish ways in which the relationship
between age and mortality may have been altered.

There are limitations to our study. The TRT arm was
based on an intention to treat. The age of onset and
duration of diabetes as well as exposure to statins and
PDESI were not documented. Data on the type of drug
and dose was not completely recorded. We assumed
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that statin and PDESI treatments were protocol driven.
However, it is possible that patient selection, especially
with PDESI prescribing existed. It is believed however,
that the principal reason for PDES5I prescribing is ED
which has been established as a significant predictor of
CVD and all-cause mortality.

Despite their limitations, our findings are important.
We showed that mortality rates in men with T2DM follow
the pattern described by Gompertz. We confirmed that
statin, TRT and PDES5I reduce mortality in this cohort
and have described how they influenced the relationship
between age and mortality. We believe that our approach
of communicating the effectiveness of an intervention by
determining the probability of mortality at different ages
is easy to understand and could be used by dlinicians to
improve patient compliance and lead to clinical benefit.

Our study examines the relationship between age
and mortality in men with diabetes. Age was related to
mortality in accordance with the Gompertz-Makeham law.
We show that statin, TRT and PDES5I treatments impacted
all-cause mortality and PDESI treatment alone and in
combination with statin and TRT significantly altered the
relationship between age and mortality.
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