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Abstract

Treatment non-adherence is a major problem in 
the management of chronic pathologies. Research has 
suggested that education, shared decision making and 
clear communication were factors that may help mitigate 
non-adherence. Currently use of many chronic disease 
therapies is evidence based. Most of the trials carry out 
complex statistics that are difficult to transmit to the 
patient. Hence, it is essential to simplify the probability 
algorithms obtained from regression analyses to aid clarity 
during the doctor-patient communication. We describe 
two chronic pathologies (functional hypogonadism and 
cardiovascular disease prevention) managed in the 
Metabolic Clinics at the University Hospitals Birmingham 
NHS Foundation Trust, where graphical illustrations of 
treatment benefit were created from regression models 
and used as a communication tool. The BLAST screened 
cohort audit was coordinated at our secondary care centre 
and patient level data were available. This allowed us to 
calculate the probability of mortality for each man with 
type 2 diabetes and functional hypogonadism using logistic 
regression analysis. Probability of mortality was plotted 
against age in men treated/not treated with testosterone 
replacement and phosphodiesterase 5-inhibitors. Regarding 
cardiovascular disease prevention, we used the cumulative 
data from the Cholesterol Treatment Trialist collaboration 
demonstrating the scale of benefit associated with statins 
(22% relative risk reduction per 1 mmol/L decrease in 
low density lipoprotein cholesterol). Other low-density 
lipoprotein-cholesterol lowering agents have demonstrated 
similar benefit. An algorithm calculating the relative risk 
reduction was derived and this was transferred as a graph, 
enhancing communication clarity. In these two examples 
we have provided ways in which complex algorithms can be 
converted graphs that the lay public can easily comprehend.

Introduction

Treatment adherence of chronic pathologies is essential for 
optimal health care [1,2]. Non-adherence is considered a major 
factor contributing to disease severity [3]. It also appears that 
education and shared decision making by the doctor and pa-
tients yield the best results regarding adherence.[3] Cheen et 
al. studying 539,156 individuals (33 randomised controlled tri-

als, 26 cohort studies and 2 cross sectional studies) with chronic 
conditions in 2019 found that the non-adherence, defined as 
not collecting newly initiated therapeutic agents, was 17% [4]. 
This figure was greater in patients with osteoporosis (25%) and 
dyslipidaemia (25%) whilst lower in those with diabetes (10%).
[4] Foley et al. carried out a systematic review of 178 studies, 
each study including between 22 and 599,141 individuals suf-
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fering two or more chronic pathologies, and studied non-adher-
ence during follow-up [5]. Data was obtained via self-reports, 
pharmacy data and electronic records. Overall non-adherence 
was 42.6%, ranging between 7.0% and 83.5% in the individual 
studies [5]. Kvanstrom et al. determined factors that contrib-
uted to medication adherence by analysing data from 89 stud-
ies [6]. It was evident that information of the pathology, treat-
ment and communication were predictors of adherence [6]. It 
appears that education and shared decision making by the doc-
tor and patients yield the best results regarding adherence [3]. 
 
Treatment of chronic conditions are increasingly based on evi-
dence-based medicine [7]. Presenting and discussing evidence 
appears to lead to greater in better understanding of patient 
management choices, this in turn resulting in improved clini-
cal outcomes [8,9]. Thus, it is essential to develop methods 
whereby evidence can be translated into practice with evi-
dence informed practice perhaps being a vehicle of evidence 
transfer to the patient [10]. We now describe two examples of 
graphical illustrations of risk and treatment benefit (in men with 
functional hypogonadism/type 2 diabetes (T2DM) and patients 
referred for cardiovascular disease (CVD) prevention) based on 
algorithms derived from research data, are presented to the pa-
tients attending the Metabolic Clinics at Good Hope Hospital, 
University Hospitals Birmingham NHS Foundation Trust, West 
Midlands, United Kingdom.

Functional hypogonadism

Functional hypogonadism (also known as adult-onset testos-
terone deficiency and testosterone deficiency syndrome) is diag-
nosed in men demonstrating low serum testosterone levels and 
symptoms attributed to the low hormone levels, after excluding 
primary and hypothalamic/pituitary causes and Klinefelter syn-
drome [11]. The testosterone thresholds used to diagnose func-
tional hypogonadism in the Metabolic Clinics are in accordance 
with the British Society for Sexual Medicine serum testosterone 
thresholds; serum Total Testosterone (TT) <12 nmol/L or Free 
Testosterone (FT) <0.225 nmol/L) checked between 8-11 AM 
on two separate occasions [11]. Functional hypogonadism has 
been associated with increased all-cause mortality [12-16]. Im-
portantly testosterone therapy in functional hypogonadism is 
associated with a reduction in all-cause mortality, especially in 
men with T2DM [15-17]. Further, Phosphodiesterase 5-Inhibi-
tors (PDE5I) are often prescribed in men with functional dys-
function presenting with erectile dysfunction and the group of 
drugs have been associated with significant reduction in CVD 
and all-cause mortality [16,18-20]. Included in the above stud-
ies demonstrating reduction in all-cause mortality following TTh 
and PDE5i use in men with T2DM and functional hypogonad-
ism is the BLAST (Birmingham, Lichfield, Atherstone, Sutton and 
Tamworth) study, a Randomised Controlled Trial (RCT) with a 
follow-up of the screened patients (BLAST screened cohort), 
conducted at University Hospitals Birmingham NHS Founda-
tion Trust, evaluating the effects of testosterone undecanoate 
on hypogonadal symptoms and metabolic parameters over a 
30-week treatment period (RCT phase) and all-cause mortal-
ity over a mean 3.8 year follow-up in the total cohort (BLAST 
screened cohort-audit phase) [16]. The screened cohort includ-
ed 857 men with T2DM and 537 of these men were diagnosed 
with functional hypogonadism (two samples demonstrating 
serum TT ≤12 nmol/l or calculated FT ≤0.25 nmol/l); of these 
537 men 175 were commenced on TTh (follow-up: 3.7 years) 
whilst the remaining 362 men did not have hormone replace-
ment. Of the total cohort, 175 men with erectile dysfunction 

were prescribed PDE5I. Of the total BLAST screened cohort, 320 
men were eugonadal with serum TT >12 nmol/l and calculated 
FT >0.25 nmol/l [16]. The 320 eugonadal men were at lower 
risk (mortality: 11.3%) of all-cause mortality (Hazard Ratio (HR): 
0.62, 95% Confidence Interval (CI): 0.41-0.94, the Cox regres-
sion model adjusted for baseline age) compared to the 362 men 
with functional hypogonadism not on TTh (mortality: 16.9%) 
[16]. TTh in the 175 men was significantly associated with lower 
all-cause mortality (mortality: 3.4%) compared to the 362 un-
treated men during follow-up (HR: 0.38, CI: 0.16 - 0.90, the Cox 
regression analysis once again adjusted for age). The 175 men 
on PDE5I agents appeared at lower risk (mortality: 14.7%) of all 
all-cause mortality than the men not on these agents (mortal-
ity: 1.7%). As the initial date of PDE5I prescribing was unknown, 
logistic regression was carried out with all-cause mortality as 
the dichotomous outcome; all-cause mortality in men on PDE5I 
was significantly lower compared to the men not on the drug 
(Odds Ratio (OR): 0.06, 95% CI: 0.009–0.47) [16]. This associa-
tion remained independent (OR: 0.07, 95% CI: 0.009–0.48) of 
age at final assessment/death, TTh and statin therapy.

Following the above publication, we wished to present the 
data in a manner, preferably via graphs, that would be easily 
comprehended by patients to augment understanding of the 
importance of TTh and PDE5I treatment in men with T2DM and 
functional hypogonadism. As age is usually a significant predic-
tor of mortality, we decided to determine how TTh and PDE5I 
altered the association between age and all-cause mortality as 
described by Gompertz in 1825 [21]. The algorithm developed 
by Gompertz suggests that mortality rises exponentially with 
age and is found below [22].

The Gompertz law of mortality underwent a modification by 
Makeham with the introduction of extrinsic mortality (y) into 
the algorithm (Gompertz/Makeham model) and is presented 
below [23].

We initially established that in our cohort of 857 men mor-
tality was exponentially related to age; age and Ln of the mor-
tality showed a linear association [21]. Following that logistic 
(and logit) regression analysis was performed to confirm the 
association between death/survival (dichotomous dependent 
variable) and age at death or last clinical assessment as the in-
dependent variable (Table 1 – model 1). Subsequently the effect 
of TTh and PDE5I on the association between age and mortal-
ity was evaluated. We used separate logistic regression models 
(Table 1–Models 2 and 3) with TTh and PDE5I included with age 
at death or final visit as the independent variables and death as 
the dependent variable. TTh and PDE5I status as discrete ordi-
nal variables were factorised with one category selected as ref-
erence (TTh/untreated and PDE5I/untreated) and the treated 
groups (TTh/treated and PDE5I/treated) compared. Treatment 
with TTh (Table 1-Model 2) and PDE5I (Table 1–Model 3) dem-
onstrated significantly lower mortality, compared to their un-
treated counterparts. To graphically illustrate the impact that 
treatment had on age related mortality, we calculated the prob-
ability of mortality (and 95% CI) for each man using the sepa-
rate logistic regression models (Table 1–Models 1-3). The prob-
ability of mortality for every individual, based on treatment 

(1)
(2)



Epidemiology & Public Health

www.jpublichealth.org 03

status (treated/untreated) was plotted against age (Figures 2 & 
3). This clearly showed that TTh and PDE5I altered the asso-
ciation between age and mortality [21]. Figure 4 demonstrates 
the Absolute Risk Reduction (ARR) and Relative Risk Reduction 
(RRR) when a man with functional hypogonadism is on TTh [24].

Patients with functional hypogonadism were referred to the 
Metabolic Clinics by primary and secondary care physicians and 
assessed in accordance with the then current BSSM guidelines 
[11,24,25]. The current evidence based on guidelines was dis-
cussed with functional hypogonadism focusing on the benefits 
and potential adverse effects of treatment [11,25]. In men with 
T2DM where functional hypogonadism is highly prevalent, the 
evidence was augmented by Figures 2-4. Figures 2 and 3 very 
clearly demonstrate the mortality decrease associated with TTh 
and PDE5I use, whilst Figure 4 adds numerical values (ARR and 
RRR) to the visual benefit at ages 55 and 65 years. We expect-
ed that this graphical display of benefit and the doctor-patient 
interaction that followed may have improved treatment ad-
herence. It is important that the characteristics of the BLAST 
screened cohort was emphasised and the patients were aware 
that the results strictly speaking only applied to men of similar 
presentation phenotype. 

Cardiovascular disease prevention

The results of RCTs investigating CVD reduction associated 
with drugs such as resins, statins, ezetimibe, ������������������Proprotein Conver-
tase Subtilisin/Kexin Type-9 inhibitors (PCSK9) and bempedoic 
acid demonstrating associations between LDL-C reduction led 
to the LDL-C hypothesis [27,28]. Patients at high risk of CVD are 
referred to the Metabolic Clinic at Good Hope Hospital for lipid 
lowering therapy, with the principal aim to lower density Lipo-
protein-cholesterol (LDL-C) below targets published [29]. Our 
discussion with the patients centered on the Cholesterol Treat-
ment Trialist (CTT) collaboration which analysed CVD preven-
tion in 26 statin trials; 5 trials (39,612 patients) compared statins 
with greater vs lesser efficacy (type or dose) and the remaining 
21 trials (129,526 patients) compared statins vs placebo [30]. 
Both statin vs statin and statin vs placebo trials yielded similar 
CVD outcomes and the analysis showed a CVD RRR of 22% (rate 
ratio = 0.78) per 1.0 mmol/L decrease in LDL-C (rate ratio: 0·78, 
95% CI: 0.76–0.80; p<0·0001) [30]. Importantly, non-statin RCTs 
using ezetimibe (SHARP, IMPROVE-IT) [31,32], Proprotein Con-
vertase Subtilisin/Kexin Type-9 inhibitors (FOURIER, ODESSEY) 
[33,34], and bempedoic acid [28], all these agents lowering LDL-
C via varying mechanisms decreased CVD risk, comparable to 
the results of the CTT Collaboration after adjusting the analysis 
for follow-up.

We used the results from the CTT collaboration and derived 
the following equation to calculate RRR for each individual pa-
tient, this dependent on the LDL-C reduction following treat-
ment [35].

(3)

Figure 5, which is based on equation 3, clearly shows the pa-
tient the CVD RRR that could be expected from LDL-C lowering. 
We could not create an age vs probability of CVD graph, similar 
to that carried out in functional hypogonadism using the BLAST 
screened cohort data (Figures 2-4), as individual patient level 
data were not available. However, once again the graphical il-

lustration of evidence provides a clear message and promotes 
doctor-patient dialogue and discussion which may improve 
treatment adherence.

In this review we highlight 2 examples where easy to un-
derstand graphs were created from algorithms derived from 
clinical trials. Most clinical outcomes can be displayed using the 
techniques that we have (Figures 2-4 with patient level data and 
Figure 5 with grouped data). Both functional hypogonadism and 
CVD are highly prevalent, hence even modest improvements in 
adherence can yield major benefits.

Figure 1: The association between probability of mortality and age 
in the total cohort.

This figure is taken from Hackett G, Jones PW, Strange RC, Ramach-
andran S. Statin, testosterone and phosphodiesterase 5-inhibitor 
treatments and age-related mortality in diabetes. World J Diabetes. 
2017 Mar 15; 8(3): 104-111. (Reproduced with permission from 
Baishideng Publishing Group under the terms of Creative Commons 
Attribution License)
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Figure 2: The association between probability of mortality and age 
in men with functional hypogonadism stratified by TTh treatment.

This figure is adapted from Hackett G, Jones PW, Strange RC, Ra-
machandran S. Statin, testosterone and phosphodiesterase 5-in-
hibitor treatments and age-related mortality in diabetes. World J 
Diabetes. 2017 Mar 15; 8(3): 104-111. (Reproduced with permis-
sion from Baishideng Publishing Group under the terms of Creative 
Commons Attribution License)
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Figure 3: The association between probability of mortality and age 
in men with functional hypogonadism stratified by PDE5I treatment.

This figure is adapted from Hackett G, Jones PW, Strange RC, Ra-
machandran S. Statin, testosterone and phosphodiesterase 5-in-
hibitor treatments and age-related mortality in diabetes. World J 
Diabetes. 2017 Mar 15;8(3):104-111. (Reproduced with permis-
sion from Baishideng Publishing Group under the terms of Creative 
Commons Attribution License).

Figure 4: Absolute Risk Reduction (ARR) and Relative Risk Reduction 
(RRR) at 55 and 65 years calculated using the Model 2 algorithm 
from Table 1.

This figure is adapted from Ramachandran S, Hackett GI, Strange 
RC. Hypogonadism in men with diabetes: Should testosterone re-
placement therapy be based on evidence-based testosterone levels 
and lifetime risk reduction? Edorium J Biochem 2017; 2: 1-3. (Re-
produced with permission from Edorium Journals under the terms 
of Creative Commons Attribution License)

Figure 5: The association between RRR and LDL-C reduction, this is 
based on equation 3, based on the results of the CTT collaboration 
which showed a rate ratio of 0.78 (95% CI: 0.76 – 0.80).

This figure is adapted from König CS, Mann A, McFarlane R, Marri-
ott J, Price M, Ramachandran S. Age and the Residual Risk of Cardio-
vascular Disease following Low Density Lipoprotein-Cholesterol Ex-
posure. Biomedicines. 2023 Dec 2;11(12):3208. (Reproduced with 
permission from Biomedicines, MDPI under the terms of Creative 
Commons Attribution License)
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