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Abstract 

Background:  Identifying practical and distinguished indicators and influencing factors of male aging may be useful 
in predicting subsequent aging trends, designing personalized prevention, and improving lifestyle and health.

Methods:  A cross-sectional, population-based study was performed in Jiashan County, China in 2016. A total of 690 
local male residents, aged 40 to 80 years, were eligible for recruitment. Demographic and lifestyle information was 
collected through structured interviews. A self-designed head scale, the Medical Outcomes Study 36-item Short 
Form (SF-36), International Index of Erectile Function (IIEF5), Aging Males’ Symptoms (AMS), and International Prostate 
Symptom Score (IPSS) were used. Analysis of variance, local polynomial regression smoothing curves, multiple linear 
regression, and partial correlation analyses were performed.

Results:  All the scales deteriorated with increasing age (P < 0.01), especially from the age of 60. The most significant 
changes between adjacent age groups were found in IIEF5 scores (16.7, 43.5 and 39.4%). Income, nutrition, personal‑
ity and neighborhood relationship had an effect on SF-36 and AMS after adjusting for age (P < 0.01). Furthermore, 
neighborhood relationship modified the age effect on the head scale score and IIEF5 (P = 0.03); nutrition modified 
the relationship between age and SF-36 (P < 0.01).

Conclusions:  Recession of reproductive health may be a distinct predictor of male aging. The associations of social 
inequalities or personality and health offer potential interventions for men’s health in aging. Self-reported scales may 
limit the precision and more physical fitness tests could be combined for a more precise assessment.

Keywords:  Aging, Aging males’ symptoms, Biological age, International index of erectile function, International 
prostate symptom score

© The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
With an overall increase in life expectancy, quantifying 
the aging of different individuals has been brought into 
focus. The rates of biological aging are highly variable 

among individuals of the same chronological age. How-
ever, to date, there are no acknowledged aging markers to 
measure the biological age of an individual.

The epigenetic clock is thought to be the most promis-
ing molecular estimator of the biological age [1]. Some, 
including Horvath’s epigenetic clock, Hannum’s clock, 
and Levine’s clock, have been developed based on DNA 
methylation biomarkers for predicting aging for lifespan 
and healthspan [2–5]. Telomere length and epigenetic 
clock estimates are thought to be independent predictors 
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of chronological age and mortality risk [6]. However, 
molecular biomarkers preclude their application to large-
scale screens and routine physical examinations due to 
population specificity, invasiveness, and high costs.

In clinical settings, health-related quality of life 
(HRQoL) has been assessed using the Medical Outcomes 
Study 36-item Short Form (SF-36) questionnaire to eval-
uate the effect of disease or treatment [7, 8]. However, the 
application of SF-36 in the general population remains 
contradictory. An 18-year longitudinal study of civil serv-
ants (initially aged 35–55 years) based in London showed 
that physical health deteriorated while mental health 
tended to improve with age [9]. A general decline in the 
SF-36 score was found between 1995 and 2016 in the 
French population, but with wide disparities in trends 
between age groups [10]. A 2001–2011 US study found 
a declining SF-36 score in younger age groups, whereas 
older age groups tended to report higher mental scores 
[11].

The International Index of Erectile Function (IIEF5), 
Aging Males’ Symptoms (AMS) and International Pros-
tate Symptom Score (IPSS) are commonly used scales for 
assessing the natural degradation of reproductive health 
in aging males [12, 13]. IIEF5, AMS and IPSS are used to 
assess erectile dysfunction, symptomatic late-onset hypo-
gonadism, and lower urinary tract symptoms, respec-
tively. The relationship among these scales has received 
attention [14, 15], but the relationship between reproduc-
tive health and overall health has seldom been studied. 
Recently, several studies in women indicated that repro-
ductive health was a predictor of overall health. Irregular 
and long menstrual cycles in adolescence and adulthood 
were associated with a greater risk of premature mortal-
ity (age < 70 years), and these relationships were strongest 
for deaths related to cardiovascular disease [16]. Young 
women with a low number of harvested oocytes had an 
increased risk of aging-related events, such as cardiovas-
cular diseases or osteoporosis, and early ovarian aging 
might serve as a marker of later accelerated aging [17]. 
For men and women, Sexual Health and Overall Wellness 
(SHOW) survey showed a strong association between 
satisfaction with sex and overall health [18]. However, 
relevant studies on men in order to elaborate the rela-
tionship or the predictive effect of reproductive health on 
overall health are still lacking.

Apart from health degradation, aging is accompanied 
by changes in appearance. Facial aging is considered 
the most prominent and readily accessible phenotype of 
human aging [19]. We attempted to assess aging using a 
self-designed scale of head conditions, including com-
plexion, teeth, and hair.

Different aging rates among individuals indicate that 
aging-related changes are modifiable by environment, 

diet, lifestyle or variations in genetic background across 
different individuals. People from disadvantaged social 
classes age faster in terms of a quicker deterioration in 
physical health compared with people from advantaged 
social classes [9, 20]. The gap in health among people 
with high and low educational attainment increases with 
age [21]. It remains to explore the effect of other varia-
bles, such as nutrition and personality, on health decline.

Different clinical measures and physical signs may cap-
ture differences in lifespan and healthspan. To identify 
non-invasive and distinguished indicators of aging, we 
applied the five scales simultaneously, and appraised the 
trends with age, and correlations between them. Further-
more, we examined whether socioeconomic and other 
factors affected the trajectories of health decline.

Methods
Study population
The institutional review board of the Shanghai Insti-
tute for Biomedical and Pharmaceutical Technologies 
approved this research and its protocols. All meth-
ods were performed in accordance with the relevant 
guidelines and regulations. A cross-sectional, popula-
tion-based survey was performed in Jiashan County, 
Zhejiang Province in 2016. A cluster sampling method 
was applied, and three villages were randomly selected. 
Local male residents, aged 40 to 80 years old, with no his-
tory of psychotic or cognitive disorders, or taking hor-
mones or psychotropic agents, were noted as eligible for 
the recruitment.

Clinical assessments
After obtaining written informed consent from volunteer 
participants, uniformly trained investigators collected 
demographic and lifestyle information through face-to-
face structured interviews. In addition, five scales were 
administered to eligible participants to assess the differ-
ent aspects of health status.

Income, nutrition, neighborhood relationship, and 
waist-to-hip ratio (WHR) were dichotomous variables: 
high and low, good and not good, close and alienated, 
and normal (< 0.9) and overweight (≥0.9), respectively. 
Personality was classified into three groups: extrovert, 
ambivert, and introvert. The body mass index (BMI) 
cut-off points were based on the guidelines of the Work-
ing Group on Obesity in China, defined as underweight 
(< 18.5 kg/m2), normal weight (18.5–23.9 kg/m2), and 
overweight (≥24 kg/m2). However, only 41 men were 
underweight, and they were classified into the normal 
weight group based on similar correlations with depend-
ent variables.

The self-designed head scale contains five characteris-
tics: complexion (poor, moderate, bright), lip color (pale, 
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moderate, ruddy), teeth (loose, moderate, firm), hair 
quality (gray, a little gray, black and lustrous), and hair 
quantity (thinning, a little thinning, thick), for an overall 
score of 5 to 15 (higher score indicates better).

The Chinese version of the SF-36 questionnaire 
includes 36 items measuring eight health concepts: 
Physical Functioning, Role-Physical, Bodily Pain, Gen-
eral Health, Vitality, Social Functioning, Role-Emotional, 
and Mental Health. The precoded Likert-type item values 
were transformed into final item values [22]. To assess 
overall health status, we used the sum of all items of the 
eight health concepts, for an overall score of 0 to 145 
(higher indicates better) [23].

The IIEF5 scale includes five questions, each scored 
from 1 to 5 (very low, low, moderate, high, very high, 
respectively), totaling 5 to 25 (higher indicates better) 
[24].

The AMS scale consists of 17 items, five for psychologi-
cal, seven for somatic, and five for sexual subscores. Each 
item is scored from 1 to 5 (no, mild, moderate, severe, 
very severe, respectively), for an overall score of 17 to 85 
(higher indicates severe) [25].

The IPSS includes seven questions, each scored from 0 
to 5, totaling 0 to 35 (higher indicates severe) [26].

Statistical analysis
The respondents were classified into four age groups by 
decade. Analysis of variance (ANOVA) was applied to 
compare the differences in the means of the five scales 
among the different age groups. Kernel-weighted local 
polynomial regression smoothing curves with confidence 
intervals were applied to explore the correlations between 
age and the five scale scores based on the different groups 
of demographic characteristics, including income, nutri-
tion, personality, and neighborhood relationship. Based 
on the smoothing curves, we further fitted linear or fold-
linear relationships to show the interactions between 

the variables. Finally, a multiple linear regression was 
constructed to analyse the possible influencing fac-
tors (Model I). Furthermore, two-way interaction terms 
between age and the above demographic characteristics 
were used to estimate whether age effects on scales were 
modified by these characteristics. If the interaction effect 
was significant (P < 0.05), then the interaction term was 
retained in the model (Model II). Pairwise correlations 
of the scales were analysed. To eliminate the influence 
of age, income, nutrition, personality, and neighborhood 
relationship, a partial correlation analysis was performed 
between the five scales.

All statistical analyses were performed using SAS 9.4 
package (SAS Institute, Cary, NC, USA) and Stata 14 
(Stata Corporation, College Station, TX, USA).

Results
A total of 690 men, aged 60.7 ± 8.6 years old, with com-
pleted data were included in the statistical analysis. 
There were 103, 218, 271, and 98 men in 40–50 years, 
51–60 years, 61–70 years, and 71–80 years age groups, 
respectively.

The results of the five scales differently degenerated 
with age. The head scale scores and IIEF5 decreased, 
and AMS increased with increasing age (for all four age 
groups); SF-36 began to decrease and IPSS began to 
increase significantly from the 61–70 years age group. 
When the adjacent age groups were compared, the most 
significant change percentages were found between the 
51–60 years and 61–70 years age groups for all scales 
except IPSS. Taking IIEF5 as an example, the scores 
decreased by 16.7, 43.5, and 39.4%, respectively, between 
the adjacent age groups. Comparing the changes among 
the head scale, SF-36, IIEF5, AMS, and IPSS, the most 
significant changes were found in IIEF5 score. The 
change percentages of SF-36 were the smallest, only 1.5, 
2.5, and 2.8%, respectively, with increasing age (Table 1).

Table 1  Means of health indexes in different age groups

If significant difference was found by ANOVA analysis, Student’s-Newman-Kuels (SNK) method was applied for multiple comparisons. Different letters (ie, a and b) 
mean there were significant difference between the two groups

Change% = (Mean51-Mean40)/Mean40×100% or (Mean61-Mean51)/Mean51×100% or (Mean71-Mean61)/Mean61×100%

Age n Headscore SF-36 IIEF5 AMS IPSS

Mean SNK Change% Mean SNK Change% Mean SNK Change% Mean SNK Change% Mean SNK Change%

total 690 9.6 128.8 14.2 27.4 10.8

40–50 103 11.3 a – 132.7 a – 22.1 a – 22.0 a – 8.6 a –

51–60 218 10.2 b −9.7 130.7 a −1.5 18.4 b −16.7 25.0 b 13.6 9.6 a 11.6

61–70 271 9.0 c −11.8 127.5 b −2.5 10.4 c −43.5 29.7 c 18.8 11.4 b 18.8

71–80 98 8.4 d −6.7 123.9 c −2.8 6.3 d −39.4 33.1 d 11.4 14.0 c 22.8

F 67.8 13.2 113.0 46.5 17.4

P < 0.01 < 0.01 < 0.01 < 0.01 < 0.01



Page 4 of 9Zhu et al. BMC Geriatrics          (2021) 21:641 

Kernel-weighted local polynomial smoothing curve, 
fold-linear fitting and multiple regression analyses 
showed that different covariates (income, nutrition, per-
sonality and neighborhood relationship) had different 
effects on the five scales, and some had modified effects 
on the relationship between age and the scales (Table 2, 
Figs.  1 and 2). The head scale score was slightly lower 
in the good-nutrition group. Neighborhood relation-
ship modified the age effect on the head scale score and 
showed a slight X-shaped impact (Table 2 Model II, Fig. 1 
A2, A4, and Fig.  2 A). Men with low income, introvert 
personality, and alienated neighborhood relationship 
had lower SF-36 scores. Nutrition showed a horizontal 
Y-shaped modification of the relationship between age 
and SF-36. SF-36 decreased rapidly after 65 years of age 
in the not good nutrition group (Table 2 Model II, Fig. 1 
B1-B4 and Fig. 2 B). Men with a low income had lower 
IIEF5 scores. The neighborhood relationship showed 
first diverging and then converging modifications on the 
decreasing relationship between age and IIEF5, and IIEF5 
decreased faster in men with alienated neighborhood 
relationship (Table 2 Model II, Fig. 1 C1, 1C4, and Fig. 2 
C). Men with low income, not good nutrition, introvert 
personality, and alienated neighborhood relationship had 
higher AMS scores (Table 2 Model I, Fig. 1 D1-D4). Men 
with not good nutrition and alienated neighborhood 
relationship also had higher IPSS scores (Table 2 Model 
I, Fig. 1 E2 and E4). Other covariates, such as education, 
occupation, smoking, drinking, BMI, and WHR did not 
show an impact on the relationships between scale scores 
and age (figures and data are not shown).

Correlation analysis showed that age, head scale score, 
SF-36, IIEF5, AMS and IPSS displayed pairwise corre-
lations. The highest correlation was observed between 
IIEF5 and age (r = 0.63). Furthermore, when age, income, 
nutrition, personality, and neighborhood relationship 
were adjusted, the absolute values of correlation coef-
ficients (partial r) decreased, and the significance of the 
correlation still existed, except between head scale score 
and IPSS or SF-36 and IIEF5 (Table 3).

Discussion
All the indices, including the head scale scores, SF-36, 
IIEF5, AMS, and IPSS, deteriorated with increasing age, 
especially from the age of 60. IIEF5 showed the most sig-
nificant degeneration; however, SF-36 showed the small-
est degeneration. Income, nutrition, personality, and 
neighborhood relationship had effects and/or modified 
effects on health deterioration.

Various changes occur in human faces during aging. 
Chen utilized three-dimensional human facial morpholo-
gies for markers of aging [19]. Although examining the 
exterior facial morphological features is a non-invasive 

procedure and seems to be a reliable and conveni-
ent aging marker, the overall state of aging should not 
be restricted to the changes in soft tissues and skeleton 
structures on faces. We designed a scale to assess the 
aging characteristics of the head, including hair, facial 
skin, and teeth, and embodied the subjects’ self-assess-
ment of appearance. As age increased, the head scale 
score decreased, and the group with alienated neighbor-
hood relationship had a faster decrease. Counterintui-
tively, lower head scale scores were correlated with good 
nutrition, especially in the younger age groups. Nutri-
tion is a time-varying variable that is easily changed by 
subjects’ status or conception. We speculate that appear-
ance-conscious men were more likely to adjust their diet 
when they were unsatisfied with their appearance.

In our study, SF-36 worsened from the 61–70 years 
age group, but showed the smallest decrease compared 
to other indices. Ceiling effects (percent highest) were 
severe for Role physical, Bodily Pain, Social Function-
ing, and Role-Emotional of SF-36. SF-36 was generically 
applied to assess the effect of the presence of disease, 
treatment, or health promotion, and had differential 
validity [7, 8, 27]. However, studies in the general popula-
tion have reported inconsistent trends in SF-36. A general 
decline in SF-36 scores was observed in repeated popu-
lation-based cross-sectional surveys in France, and the 
largest decrease in score was observed among men aged 
45–54 years in most dimensions of the SF-36 scale [10]. 
However, others found unexpectedly higher HRQoL, 
especially in mentally oriented scales, with increasing age 
in 18-year cohorts or cross-sectional studies [9, 11, 28]. 
Whether the SF-36 scale is suitable for the assessment of 
natural aging remains to be further studied, considering 
the discrimination of the scale and the cognitive ability of 
the population.

In addition, men with low income, introvert personality 
and alienated neighborhood relationship had lower SF-36 
scores. Furthermore, the effect of nutrition diverged from 
65 years of age, and not good nutrition increased vulner-
ability in old age. This finding is similar to that of Chan-
dola et  al., who reported that men from disadvantaged 
social classes might experience greater health declines 
with age [9]. In addition, Steptoe et  al. highlighted that 
lower socioeconomic status (SES; wealth was used as 
the marker of SES in this article) is related to accelerated 
aging across a broad range of functional abilities and phe-
notypes, independent of the presence of health condi-
tions, and that social circumstances impinge on multiple 
aspects of aging [20].

IIEF5, AMS and IPSS are commonly used scales for 
assessing male reproductive health. Most studies, includ-
ing the Massachusetts Male Aging Study (MMAS) 
and the Men’s Attitudes to Life Events and Sexuality 
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(MALES), reported the deterioration of the three aspects 
with increase in age in middle-aged and elderly men [14, 
15, 29–31]. We identified some special features in our 
study. IIEF5 decreased with increased age more saliently 
than the other four indices, especially in the 61–70 years 
age groups. The longitudinal data confirmed that IIEF5 

had a sharp turning period in the 60–70 years age range 
[13]. IPSS deteriorated later than IIEF5 and AMS.

The AMS score was susceptible to all four socioeco-
nomic factors. Jankowska et  al. also reported that age 
and education level constitute major determinants of the 
intensity of AMS [32]. There was a correlation between 

Fig. 1  Kernel-weighted local polynomial regression smoothing curves of health indexes and age in different covariates groups. A) Sub-figures of 
correlations between head score and age, grouping according to income (A1), nutrition (A2), personality (A3) or neighborhood (A4). B) Sub-figures 
of correlations between SF-36 and age, grouping according to income (B1), nutrition (B2), personality (B3) or neighborhood (B4). C) Sub-figures 
of correlations between IIEF5 and age, grouping according to income (C1), nutrition (C2), personality (C3) or neighborhood (C4). D) Sub-figures of 
correlations between AMS and age, grouping according to income (D1), nutrition (D2), personality (D3) or neighborhood (D4). E) Sub-figures of 
correlations between IPSS and age, grouping according to income (E1), nutrition (E2), personality (E3) or neighborhood (E4)

Fig. 2  The line or fold-line regressions with interaction effect and corresponding Kernel-weighted local polynomial regression smoothing curves. 
A Sub-figure of regression on head score and age, grouping according to neighborhood relationship. B Sub-figure of regression on SF-36 and age, 
grouping according to nutrition. C Sub-figure of regression on IIEF5 and age, grouping according to neighborhood relationship
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nutrition and IPSS, but none between nutrition and 
IIEF5. The results coincide with a study conducted in 
Southern China that reported that adequate fruit and 
vegetable intake, especially dark and leafy vegetables, 
were associated with IPSS among elderly Chinese men, 
but lacked an association with IIEF5 [33]. Interestingly, 
close or alienated neighborhood relationship showed 
a bifurcate impact on 55–75 year olds. This means that 
the interaction of neighborhood relationship and age 
increased the vulnerability of erectile function in older 
age. Plausible reasons for such an increase have been 
related to a long latency period of the effects of unhealthy 
experiences in earlier life, accumulation and interac-
tion of economic and social capital throughout life, and 
increasing vulnerability in old age making differential 
exposure more harmful [9, 21].

Partial pairwise correlations between most outcomes 
still existed after adjusting for age. Vela-Navarrete et  al. 
found that the relationship between IPSS and SF-36 was 
linear, with general increases in IPSS corresponding to 
impairment in quality of life, independent of age [31]. 
Aging on multisystem is concomitant, but the trigger 
mechanisms are still poorly understood.

Some limitations of this work should be acknowledged. 
Jiashan County is a representative county in East China. 
Subjects had poor awareness of self-care, and seldom 
exercised or sought medical treatment for health prob-
lems, except for serious diseases. The data were not sig-
nificantly affected by treatment for reproductive health. 
Meanwhile, subjects might not have reported their health 
status precisely because of deficient health conscious-
ness. That, to a certain extent, could explain the lack of 
discrimination of SF-36. Disease is related to scale scores, 

but the causal relationship is complicated. Disease may 
be an intermediate variable between socioeconomic fac-
tors and health status. Therefore, we did not include dis-
ease factors in the models to avoid overadjustment.

Analysis of personality types and relationship with 
neighbours provide new perspectives of the mental 
effects on aging. In our study, most assessment data were 
reported by subjects themselves. An individual’s percep-
tion of a decline health is recognized as a predictor of 
later poor health outcomes. In future studies, physical fit-
ness tests could be combined for a more objective assess-
ment, and follow-up data with subsequent morbidity will 
be needed.

Few studies take into account the trajectories of both 
overall health and reproductive health decline with 
increase in age, as well as the different effects of socio-
economic factors on health. Although the reproductive 
health of elderly men is still a neglected field, recession 
on the reproductive health of men may be an early pre-
dictor of aging. The results of our study revealed IIEF5, 
AMS, and a self-designed head scale as reliable, sensi-
ble, and convenient aging markers. Due to ceiling effects 
and indiscriminate traits with increasing age, the SF-36 
scale still need to be assessed in the general population 
in China.

Conclusions
Assessing the overall and reproductive health status may 
be useful to predict subsequent health trends, help track 
the aging process, design personalized medical treatment, 
and improve lifestyle and health. The associations between 
social inequalities or mental status and overall health or 
reproductive health offer potential avenues for facilitating 

Table 3  Pearson correlations and partial correlations between variables

a Adjutsed for age, income, nutrition, personality and neighborhood relationship

Variable Head score SF-36 IIEF5 AMS IPSS

AGE
  r(P) −0.51(< 0.01) −0.24(< 0.01) − 0.63(< 0.01) 0.46(< 0.01) 0.31(< 0.01)

Head score
  r(P) 0.23(< 0.01) 0.44(< 0.01) −0.33(< 0.01) − 0.22(< 0.01)

  rpartial(P)a 0.11(< 0.01) 0.15(< 0.01) −0.12(< 0.01) − 0.07(0.08)

SF-36
  r(P) 0.24(< 0.01) −0.56(< 0.01) − 0.29(< 0.01)

  rpartial(P)a 0.01(0.82) −0.35(< 0.01) − 0.16(< 0.01)

IIEF5
  r(P) −0.56(< 0.01) − 0.29(< 0.01)

  rpartial(P)a −0.35(< 0.01) − 0.09(0.02)

AMS
  r(P) 0.31(< 0.01)

  rpartial(P)a 0.14(< 0.01)
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remission and delay progression using nonpharmacological 
interventions. The benefits of such interventions for overall 
health in men may be far-reaching.
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