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Abstract

Backgrounds: Social Health Scale for the Elderly short version (SHSE-S) is a psychometrically sound instrument that
comprehensively assesses the social health status of older adults in China. The aim of the present study was to

establish continuous normative data of SHSE-S.

Methods: We conducted a multicenter cross-sectional study among 31 communities in eastern China. Older adults
aged 60 years and above were invited to participate in the study. Each participant was interviewed in-person to
finish a structured questionnaire. The SHES-S score was calculated and standardized for each participant. We split
the sample into generation and validation datasets and compared the distribution of SHSE-S score between two
datasets. Multivariable linear regression was used to assess the SHSE-S score and demographic variables. Regression-

based norms were built using a four-step process.

Results: A total of 6089 participants (51.2% females) aged 60 years old and above (mean age =71.3, SD =8.0) were
enrolled as the normative sample. No significant difference was found between the distribution of SHSE-S
standardized score in the generation (N =2392) and validation (N =3697) datasets. Multivariable linear regression
showed that females, higher education levels were positive indicators while aging, living alone, divorced or never
married, multimorbidity were negative factors. The regression-based norm which taking demographic factors into
account was established and a user-friendly worksheet was also provided to facilitate the scoring and norming of

the SHSE-S.

Conclusions: The population-based regression norm of SHSE-S can be a useful tool for assessing the social health

status of the Chinese elderly population.
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Introduction
Health has long been considered as not just the absence
of disease but also the presence of physical, psychological
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and social well-being [1]. A study redefined the compre-
hensive health in US older adults found that certain dis-
eases and health behaviors were far less important than
mental health and social health [2]. Unlike physical health
[3-5] and mental health [6, 7], instruments which spe-
cially designed for evaluating the social health status of
the aged population in China is still scarce.

The definition of social health contains both
individual-level social health and the social health of
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society or a population [8]. Currently, scales relating to
social health including RAND Social Health Battery, So-
cial Dysfunction Rating Scale, Structured and Scaled
Interview to Assess Maladjustment are not suitable for
Chinese elderly population mainly due to the cultural
heterogeneity and lack of assessment on the society level
of the social health. Previously we have developed the
first scale which combined both individual and society
level of social health named “Social Health Scale for the
Elderly (SHSE)” to evaluate the social health status for
the elderly population in China. The development
process had been described elsewhere [9]. There are 2
versions of this scale (long version contains 25items
while the short version contains 14 items). The short
version is more convenient to use and provides reliable
information at the same time. Normative data can be
really important to help interpret the result of a certain
test [10]. Bao et al. previously built a percentile norm
based on cross-sectional data of 2396 older adults in
Hangzhou. However, this norm has not been validated
in other populations in Zhejiang Province yet. Recently,
an alternative approach to derive continuous norms
using multivariate regression models have been pro-
posed [11] and widely used in neuropsychological and
social related measures [12-14]. This regression-based
approach is useful insofar as it allows an individual’s pre-
dicted score on a measure to reflect specific demo-
graphic characteristics [15]. Using such an approach
could reduce biases due to different characteristics de-
rived from an unknown population. With the normative
data generated in this study, the SHSE scale could hope-
fully serve as an effective tool to assess the social health
status of elderly population in China. Those elderly with
vulnerable social health status can be identified by com-
munity clinicians after finish this scale by comparing
their score to the normative data. Further targeted inter-
vention strategies can be made to improve the compre-
hensive health status for older adults. In this study, we
used cross-sectional data among 6089 community-
dwelling participants aged 60 years old and above to
build normative data of SHSE-S for the elderly popula-
tion in Zhejiang. We aimed to 1) Verify the distribution
of SHSE-S scores in Zhejiang Population; 2) use a
regression-based approach to build normative data and
reduce confounding variables such as age, gender, edu-
cational level, etc.

Methods and materials

Study population

A multicenter cross-sectional study among the community-
dwelling elderly was conducted in 17 communities of 2 dis-
tricts in Hangzhou (8 in Gongshu and 9 in Xihu) to testify
the reliability and validity of SHSE. The details have been
described elsewhere [9]. We further conducted a cross-
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sectional study following the same process in 14 communi-
ties in Zhejiang Province (8 in Hangzhou, 4 in Jinhua, 2 in
Huzhou) from Jan 1st, 2018 to Sep 30th, 2018. The inclu-
sion criteria were aged 60 years or older and had been living
in the communities for at least five years. Our exclusion
criteria were as follows: 1. People who were bed-ridden or
can’t take care of themselves due to serious physiological
or psychological illness; 2. People who had vision or hear-
ing disorders which can’t accomplish the interview. 3. Par-
ticipants with dementia or reported difficulty in finishing
the scale during the interview. After checking the Elec-
tronic Health Records in the community health services
center, older adults who met the exclusion criteria were
excluded. The total sample size of participants for each
community was determined priory while sample size in
each sex and age group strata was calculated based on the
local population structure. Participants were conveniently
selected by the general practitioner at the local commu-
nity health service center, followed by the interviewers to
complete the questionnaire. The Health Commission of
Zhejiang Province ensures that every inhabitant is regis-
tered at a general practitioner and up to now the cover
rate was 82.04% for older adults [16], which means the
source of the participants is representative of the popula-
tion. Written informed consent was obtained from all par-
ticipants after being told the purpose and content of this
study. We conducted face-to-face interviews for every par-
ticipant by a well-trained interviewer (medical students or
medical stuff) to finish a structured questionnaire at the
local community health service center. Questionnaire
completed by proxy or participants themselves were for-
bidden in the current study. The study protocol was ap-
proved by the Ethics committee at Zhejiang University,
School of Medicine.

Assessment of social health status
The developing process of the SHES-S has been de-
scribed elsewhere. There is a total of 3 dimensions and
14 items in this scale. Item 1-4 (1. Being supported in
the major decision; 2. Being emotionally cared for; 3. Be-
ing comforted; 4. Being helped with daily chores during
illness) belong to dimension Social Support (SS), item
5-8 (5. Participating in a collective recreational activity;
6. Communication with children; 7. Communication
with friends; 8. Interests and hobbies) belong to dimen-
sion Social Adjustment (SA) while item 9-14 (9. Manu-
factured landscape; 10. Public transit facility; 11. Fitness/
recreation facility; 12. Medical institution; 13. Organizing
activity; 14. Free public service) belongs to the dimen-
sion of Perceived Environment Resources (PER). The
raw score calculation process was listed in Supplemental
Table 1.

The raw score of each dimension was calculated by
summing the raw score of the corresponding items.
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Generally, a higher score indicates a better status of so-
cial health. We further transformed the raw scale scores
to 0—100 scale (standardized score) using the same way
as the SF-36 health survey [17].

Transformed Scale
= (Actual raw score — lowest possible raw score)/

(Possible raw score range)*100

Formulas for the scoring standard score was listed in
Supplemental Table 2. This transformation converts the
lowest and highest scores to zero and 100, respectively.
Standardized scores between these values represent the
percentage of the total possible score achieved.

Covariates

Demographic information including gender, calendar
age, current living arrangement, current married status,
education levels were also collected. The region of the
local community where participants lived in were coded
into urban or rural according to the national statistical
zoning and urban-rural division code (http://www.stats.
gov.cn/tjsj/tjibz/tjyghdmhcxhfdm/2018/index.html). Co-
morbidities including the prevalence of 27 common
chronic diseases were determined based on the partici-
pants’ self-report to the question, “Do you suffer, or
were you told by a doctor that you suffer from the fol-
lowing problems in the past one year?” [18, 19] Chronic
disease included hypertension, ischemic heart disease,
cerebrovascular disease, diabetes, chronic obstructive
pulmonary disease, Parkinson’s disease, arthritis, osteo-
arthritis, etc. The number of prevalent chronic diseases
for each participant was calculated and categorized into
none disease, 1 kind of disease, 2 kinds of diseases, 3 or
more than 3 kinds of diseases.

Statistical analysis

The raw scores of SHES-S, three dimensions and each item
were presented as mean + standard deviation. Data col-
lected in 2017 (Xihu, Gongshu) were used as generation
dataset while collected in 2018 (Anji, Jianggan, Yiwu) were
used as validation dataset. We first compared the distribu-
tion of SHSE-S scores in the validation dataset with the
percentile norm built in generation dataset. Participants in
validation dataset were categorized into deciles according
to the established norm in training set. Then we compared
the distribution between validation dataset and generation
dataset using Chi-square goodness of fit test.

Age was centered (calendar age-70) before performing
multivariate regression. The effects of demographic vari-
ables on the SHSE-S scores and three dimensions’ scores
were evaluated by regressing the raw scores on gender,
age, age’, education, education’?, married status, living
arrangement, region and comorbidity. Gender was coded
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as male =1, female =2. Education was combined into
four levels: 1 =illiterate, 2 = primary school, 3 = middle
school, 4 = high school or above (modeled as continuous
variables to allow the inclusion of polynomial terms for
education). Married status was dummy coded into three
groups (married, widowed, divorced or never married or
others) with married as the reference group. Living ar-
rangement was dichotomized coded into living alone or
not (living alone =1, living with others =2). The region
was coded as urban=1, rural=2. Comorbidity was
dummy coded with 4 categories: 0, 1, 2, 3 or above with 0
as a reference. All two-way interactions were also included
in the model. Non-significant predictors were excluded
from the full models but no predictor was removed as
long as it was also included in a higher order term or
interaction term in the model [20]. Bonferroni method
was used for the correction of the significance level. The
assumptions of regression analysis were tested for all the
models. Homoscedasticity was evaluated by grouping the
participants into quartiles of the predicted scores and ap-
plying the Levene test. The existence of multicollinearity
was detected by calculating VIFs (< 10 considered no mul-
ticollinearity). Potential influential cases were identified by
calculating Cook’s distance. The normality of the residuals
was investigated by conducting Kolmogorov-Smirnov tests
on the standardized residuals.

Regression based norming was performed in a four-
step process [21]. First, predicted scores of SHSE-S were
calculated for each participant using the multivariate re-
gression model. Second, residuals were calculated (resid-
uals = observed SHSE-S score - predicted SHSE-S
score). Altman-Bland method was used to evaluate the
consistency between observed score and predicted score
[22]. Third, the residuals were standardized according to
the standard deviation of the residuals in the study sam-
ple. Fourth, the percentile of standardized residuals was
calculated using standard normal cumulative distribu-
tion function (if the assumption of normality was met)
or empirical cumulative distribution function. Normative
data of three dimensions (social support, social adjust-
ment and perceived environment resources) were also
calculated following the same procedure.

All analyses were performed within the R software
3.4.1. Altman-Bland method was conducted using R
package “MethComp”. A two-tailed P value <0.05 was
considered statistically significant.

Results

Distribution of demographic characteristics of the study
population

The distribution of demographic characteristics between
generation and validation datasets were presented in
Table 1. A total of 2392 participants were included in
the generation dataset and 3697 were included as
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validation dataset. There were 1226 females (51.25%) in
the generation dataset and 1891 (51.15%) in the valid-
ation dataset. The mean age (71.96 + 8.01) in validation
dataset was higher than that of the generation dataset
(70.66 + 8.01). Participants in validation dataset had a
significantly lower education level (high school or above
19.45% vs 39.67%, P < 0.001), a higher proportion of liv-
ing in rural area (60.48% vs 53.51%, P<0.001) and a
higher proportion of having 3 or more than 3 chronic
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diseases (23.88% vs 17.77%, P < 0.001) comparing to the
generation dataset.

Differences of SHSE-S distribution between generation
and validation dataset

The distribution of standardized score of social health
were also listed in Table 1. Participants in the generation
dataset had a slightly but significantly higher standard-
ized score of social health comparing to the validation

Table 1 Distribution of demographic factors and standardized score of Social Health Scale for the Elderly short version (SHSE-S) in

generation and validation dataset

Demographic factors Generation dataset (N =2392) Validation dataset (N =3697) P value

Gender, n (%) 0.957

Male 1166 (48.75) 1806 (48.85)

Female 1226 (51.25) 1891 (51.15)

Age group, n (%) <0.001

60~69 1210 (50.59) 1657 (44.82)

70~79 812 (33.95) 1307 (35.35)

280 370 (15.46) 733 (19.83)

Education, n (%) <0.001

llliterate 542 (22.66) 734 (19.85)

Primary school 411 (17.18) 1212 (32.78)

Middle school 487 (20.36) 1012 (27.37)

High school or above 949 (39.67) 719 (19.45)

Married status, n (%) <0.001

Married 1636 (68.39) 2867 (77.55)

Widowed 437 (18.27) 726 (19.64)

Divorced, never married or other 319 (13.34) 104 (2.81)

Region, n (%) <0.001

Urban 1112 (46.49) 1461 (36.52)

Rural 1280 (53.51) 2236 (60.48)

Living arrangement, n (%) 0.091

Living alone 230 (9.62) 407 (11.01)

Living with others 2162 (90.38) 3290 (88.99)

Comorbidity, n (%) <0.001

0 604 (25.25) 867 (23.45)

1 790 (33.03) 1254 (33.92)

2 573 (23.95) 693 (18.74)

3 or above 425 (17.77) 883 (23.88)

Standardized score of social health, mean = SD
SHSE-S 4280+ 13.00 4013 +1227 <0.001
Social Support 31.63£19.19 29.29 £14.35 <0.001
Social Adjustment 38.07 £2044 37.78 £22.58 <0.001
Perceived Environment Resources 5870+ 1991 5332+1830 <0.001

P values were derived using Chi-square test for categorical variables and t-test for continuous variables between generation and validation datasets
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dataset. No significant differences were observed when
we compared the number of participants between gener-
ation and validation datasets according to the decile of
standardized score in the generation dataset using Chi-
square goodness of fit test (P=0.313) as Supplemental
Table 3 showed.

Regression-based normative data of SHSE-S for Zhejiang
population

We combined generation and validation datasets to es-
tablish normative data of SHSE-S in Zhejiang elderly
population. A regression-based norming approach was
used to adjust for the influence of demographic factors.
No existence of multicollinearity or influential values of
the final models were detected. Homoscedasticity was
also satisfied in all 4 final models. Table 2 showed that
the predictors included in the final model to predict the
standarized scores of SHSE-S and SS, SA, PER. Female,
living in the rural community were positive predictors
for SS while higher age, being widowed, divorced or
never married and with prevalent chronic diseases were
negative predictors. Participants who were female or
with higher educational level tended to have a better sta-
tus of SA. As for PER, female and higher education level
were positive indicators while higher age, lived in the
rural community and more prevalent chronic diseases
were negative indicators. Results of Altman-Bland
method showed that the proportions of predicted scores
lying within acceptable range were 954, 951, 95.7,
95.3% for SHSE-S, SS, SA, and PER, respectively.

Normative data for SHSE-S and SS, SA, PER were
established using a four-step approach as described
above. For example, a participant who was female, 75
years old, married and now lived together with her hus-
band in a rural community, middle school education
level and self-claimed only had diabetes and hyperten-
sion with a 38 raw score of SHSE-S, her predicted score
of SHSE-S would be 35.90. Then the residual should be
calculated and standardized (standard residual = 0.297).
And according to the standard normal cumulative distri-
bution function, the percentile is 62 for this participant,
which means about 62% of the normative population
with similar demographic factors had a lower social
health status comparing to this specific participant.

The four-step regression-based norming method pro-
vided accurate norms but the process was complicated
since users had to repeat the computations to get the
exact percentile. Therefore, simplified normative tables
for standardized score stratified by region, gender and
age which derived from regression norming procedure
were provided in Table 3. Use of simplified tables of
normative data is straightforward but lacks some accur-
acy because only a limited number of percentiles can be
presented due to space and the age have to be rounded
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up. Thus, we built a computer-based algorithm in an
Excel worksheet to maximize both accuracy and user-
friendliness. A Screenshot of this worksheet was shown
in Fig. 1. The users need to enter demographic factors
and raw scores of all items of SHSE-S into the blue
squares and the worksheet would automatically convert
the scores into percentile using a four-step approach as
described above. This worksheet can be derived from a
reasonable request from the corresponding author.

Discussion

Results of the current study showed no heterogeneity
was found between the distribution of SHSE-S between
generation and validation datasets. We wused a
regression-based norming approach rather than trad-
itional norming table which usually separated the sample
by age and gender to build normative data for further re-
search demands.

In this study we observed the mean scores of SHSE-S
of generation dataset was higher than that in the valid-
ation dataset. This can be explained by the different dis-
tribution of demographic factors which had an impact
on social health scales. In this study, we found signifi-
cant demographic factors correlated with social health
status. Multivariate linear regression showed that age,
comorbidity (number of chronic diseases), living alone
were negative indicators of social health while higher
educational level, being female and being married. Fe-
male elderly had a significantly higher status of social
health comparing to male elderly although the difference
was modest. From the results of all item scores, we
found that female elderly tended to perceive more social
support and attend more social activities compared to
male. These findings were consistent with previous re-
searches [23, 24]. Another interesting disparity of social
health status was found between urban and rural elderly
population. Urban elderly possessed a higher social
health score comparing to rural elderly. However, rural
elderly had a higher level of social support while urban
elderly had higher levels of social adjustment and per-
ceived environment resources [25]. This can be ex-
plained that people lived in rural usually connected
more closely with the neighborhood they lived in but the
organized activities and community facilities were much
better in the urban area [26, 27]. Although underlying
the disparity of social health status is beyond the object-
ive of the current study, these results could provide use-
ful information for caring community-dwelling old
adults. Further longitudinal researches should be con-
ducted to explore the possible mechanism between
demographic factors and social health status.

We built a regression-based norm for the elderly
population in Zhejiang, China taking the effect of demo-
graphic factors into consideration. The regression-based
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Table 3 Normative data of SHSE-S standardized score for the elderly stratified by region, gender and age

Region Percentile Male& Male Female
(%) Zﬁma'e All ages 60-69 70-79 >80 All ages 60-69 70-79 >80

ages

Rural 5 21 18 21 19 17 21 25 21 15
10 26 27 27 27 19 27 29 25 19
20 32 33 33 31 31 33 31 35 31
30 38 37 37 35 33 37 37 38 35
40 42 40 40 38 37 38 38 40 37
50 45 42 42 41 38 44 44 42 42
60 48 48 48 50 40 46 48 46 46
70 51 50 52 52 44 50 50 50 48
80 56 56 56 56 54 54 58 54 50
90 62 62 63 62 56 60 62 62 54
95 65 65 65 65 65 65 67 65 62
99 77 75 75 73 71 77 79 77 79

Urban 5 27 27 29 27 23 27 29 29 21
10 33 30 33 33 29 33 35 35 25
20 38 37 37 37 35 38 40 40 33
30 42 40 42 40 37 42 44 44 37
40 46 44 44 42 38 46 50 50 42
50 50 48 48 48 44 50 52 52 46
60 54 52 52 52 48 54 56 56 50
70 58 56 58 56 56 60 62 60 54
80 61 60 62 62 58 62 63 63 56
90 67 67 67 67 63 67 69 69 62
95 73 71 73 73 69 75 75 75 63
99 81 79 79 79 77 83 83 81 75

approach mainly has two advantages comparing to the
traditional strategy. First, it showed the researcher which
variables were predictive of scale scores and therefore
relevant to a more valid procedure compared with trad-
itional procedure only considered age and gender. The
second advantage is that norms are more continuous
and more reliable than those obtained by tabulating the
mean and standard deviation of the scores of different
age*gender groups. Traditional procedure wasted a huge
proportion of sample because it had to be split into dif-
ferent subgroups, while regression-based taken all covar-
iates together into consideration and do not have the
concern of losing sample size. Covariates in the
regression-based approach didn’t need to round up (take
age as an example, 69 had to be round up to 70 in the
traditional way which undoubtfully lost some accuracy)
thus the derived norms were much more smoothly. We
suggest clinicians to use the current normative data to
interpret the results of SHSE-S, but readers would have

to refer to the norm of Bao et al. if they chose to use the
SHSE-L (25 items).

The strength of the current study included the adop-
tion of a regression-based norming approach which con-
siders both accuracy and utility and relatively large
sample size. However, there are several limitations that
should be noted. First, the Cronbach’s o indexes for SA,
PER were less than 0.7 (0.691 and 0.662, respectively)
which showed that the internal consistency reliability
was lower than the optimum level. And only construct
validity and internal consistency reliability was tested in
the current study, other indexes such as concurrent val-
idity, test-retest reliability were examined in the sub-
sample (participants from Gongshu and Xihu) and have
been reported elsewhere [9]. The results showed that the
reliability and validity of SHSE-S were acceptable but far
from perfect. Second, although we found a significant re-
lationship between comorbidity and social health status,
the number of chronic diseases was based on self-report.
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Please fill in the demographic background data of the participant

Age (age in years)
Gender (1 for male, 2 for female)
Region (1 for urban, 2 for rural)

Education level
Living arrangement
Current married status
Comorbidity

-
——_ A==

Please fill in the raw score of the SHSE-S items

Item 1
Item 2
Item 3
Item 4
Item 5
Item 6
[tem 7
Item 8
Item 9
Item 10
Item 11
Item 12
Item 13
Item 14

WA WWNRERNDPARWRRW=——

Results

Social health 41
Dimension 1: Social Support 9
Dimension 2:Social Adjustment 13
Dimension 3: Perceived Environment Resources 19

Fig. 1 Screenshot of the SHSE-S excel scoring sheet

Normative data for Social Health Scale for the Elderly Short Version (SHSE-S)

(1 for iliterate, 2 for primary school, 3 for middle school, 4 for high school and over)
(1 for living alone, 2 for not living alone)

(1 for married, 2 for widowed, 3 for divorced or never married)

(Enter the number of prevalent chronic diseases)

Observed raw score Standardized Score Predicted Standarized Score

Residual Z Percentile
48 37.725
31 18.185 12.815 0.75 77
56 39.283 16.717 0.766 78
54 49.1 4.9 0.257 60

10.275 0.795 79

There could be information bias that exist due to lack of
medical knowledge, lack of access to medical service or
other reasons. Third, China is a multi-ethnic society but
the current study only included the Han population
which restricts the generational utility of our scale. Con-
sidering the diversity and disparity of culture between
different ethnicities in China, specific versions of SHES
should be revised and developed in the future. Besides,
other language versions of SHSE (such as Turkish ver-
sion) is under preparing. Four, it should be noted that
volunteer bias still exists due to the hard implementation
of random sampling in the large-scale cross-sectional
survey.

Conclusion

In this study, data derived from a large sample in Zhe-
jiang Province, China proved that SHSE-S was a useful
tool for evaluating social health status for the elderly.
Demographic factors such as age, gender, educational
level were important predictors for social health status.
Normative data and algorithms in the current study can

be used as the reference for assessing and improving so-
cial health in the elderly population.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/512955-020-01306-2.

Additional file 1: Table S1 Raw scoring strategy for each item in SHSE-
S. Table S2 Formulas for scoring and transforming for SHSE-S. Table S3
Distribution of social health in generation and validation datasets accord-
ing to regression-based norm.
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