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Abstract
Introduction: Whether fi nal height is associated with quality of life and mental health is 

a matter of epidemiological and medical concern. Both social and biological explanations 
have been previously proposed. This study aims to assess the associations in ethnic Chinese 
in Singapore. Materials and Methods: A cross-sectional study of 4414 respondents aged at 
least 21 years seen at a major polyclinic was performed. Socioeconomic and behavioural 
features of the sample and the Singapore population of similar ages were comparable. 
Height was measured by clinic nurses using an ultrasonic height senor. Participants 
were interviewed for socioeconomic, behavioural, health and quality of life information. 
Clinical morbidity data was collected from the participants’ treating physicians. The 
SF-6D utility index and its Mental Health domain were the main endpoints. Linear and 
ordinal logistic regression models were used to analyse the utility index and the Mental 
Health scores, respectively. Results: Having adjusted for age and gender, the Mental 
Health domain (P <0.01) was associated with height but the utility index was not. Further 
adjustment for health, socioeconomic and behavioural covariates made little difference. 
Analyses based on height categories showed similar trends. Conclusion: Adult height 
has a positive association with mental health as measured by the SF-6D among ethnic 
Chinese in Singapore. Socioeconomic status and known physical health problems do not 
explain this association. Adult height had no association with SF-6D utility index scores.  
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Introduction
Several studies have found adult height predictive of 

mental health and emotional well-being. A study of Swedish 
conscripts demonstrated an inverse association between 
height at age 18 to 19 and suicide mortality over 15 years 
of follow-up.1 Similarly, a study of Filipinos demonstrated 
an inverse association between height at age 18 and suicidal 
ideation.2 Having adjusted for covariates, an increase of 
one height Z-score at age 18 years was associated with 
a 38% reduction in the odds of suicidal ideation. A large 
scale cross-sectional survey of Americans found that taller 
height was associated with better emotional well-being.3 A 

study of adolescents in the United States  also demonstrated 
an inverse association between height and depression.4 

However, a cohort study of Norwegian adults found no 
relation between height and depression or suicide.5 It has 
been suggested that such associations may indicate the 
role of childhood growth in the aetiology of adult mental 
health or social favouritism experienced by taller people.1 

The American cross-sectional survey found that, having 
adjusted for socioeconomic status, the association between 
height and well-being almost entirely disappeared,3 thus 
favouring the social explanation. However, analysis in 
the Swedish study did not support this social explanation.1  
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It should be noted that in studies involving older people, 
an association between height and health and quality of 
life outcomes may be attributable to height loss due to 
physical health problems in later life,6,7 in addition to 
the other explanations. So, the interpretation may not be 
straightforward, especially if the quality of life measures 
are dominated by physical health issues. Furthermore, being 
exceptionally tall may lead to psychological disadvantages 
as it can affect self-concept and body image and it relates 
to diffi culties in socialising.8 A study of Australian women 
whose parents had sought a medical opinion about their 
tall stature when they were on average 11 years old were 
later found to have higher prevalence of depression than 
population samples in Australia and the US when they were 
on average 39 years old.8      

 In addition to the epidemiological perspective 
aforementioned, the impact of short stature on quality of life 
is also an important issue in paediatrics. Short stature has 
been reported to lead to stigmatisation and social isolation.9 
Coping with actual or perceived disadvantages due to short 
stature is suspected of infl uencing psychosocial well-being.10 
Improvement in quality of life of the child and future adult 
is a major justifi cation of recombinant growth hormone 
therapy for children and adolescents.9-11 This is especially 
important in the treatment of idiopathic short stature and 
in view of the expensiveness of the therapy. Reviews of 
clinical studies of children with growth disorders and in 
short but healthy children have shown confl icting results 
about the effect of growth hormone therapy on quality of 
life.9-11 Evidence for the use of the therapy in idiopathic 
short stature remains moot. 

Data in this area have come mainly from the Caucasian 
populations. It is known that patterns of early growth failure 
vary across geographical regions.12 It is plausible that the 
degree of social favouritism, if any, may vary across cultures. 
While about one-fi fth of the world’s population use Chinese 
as their primary language,13 assessment of quality of life 
using validated instruments is a relatively new development 
in Chinese societies. To our knowledge, there is as yet no 
information on whether height is related to quality of life or 
mental health in Chinese culture. Singapore is a multiethnic 
society in Southeast Asia, with approximately two-thirds 
of its population being ethnic Chinese. Drawing on data 
from a cross-sectional study of 4414 ethnic Chinese adults 
in Singapore, we answer this question.   

Materials and Methods 
Sample and Study Design

The Singapore population consists of 3 major ethnic 
groups, namely Chinese, Malay, and Indian. Approximately 
65% of Singapore residents are literate in Chinese, and one-
third of the population is bilingual in English and Chinese.14

The present study is a secondary analysis of data from a 
cross-sectional study of ethnic Chinese seen at a primary 
care facility (Geylang Polyclinic, one of 18 governmentally 
funded polyclinics in the country) and aged at least 21 
years, in which half of the participants were randomised to 
one of the 2 modes of data collection. The main purpose of 
the study was to assess the use of a multimedia computer 
programme15 versus face-to-face interview for health 
and quality of life assessment. The main results about 
mode of data collection will be reported separately. The 
recruitment was from February to December 2005. The 
research assistants attempted to approach all who walked 
in. All participants understood Mandarin, the language 
used in the multimedia programme. In addition to fi lling 
in a questionnaire concerning health, quality of life, 
socioeconomic situations and health-related behaviour 
either via face-to-face interviewer-administration or a 
touchscreen multimedia programme, morbidity data were 
also collected from the treating physicians of the participants. 
Written informed consent was obtained from all participants. 
The study was approved by the Institutional Review Board of 
the SingHealth Polyclinics and conformed to the principles 
embodied in the Declaration of Helsinki. 

Measures
The SF-6D questionnaire covers 6 domains of health and 

quality of life, including Mental Health. It is an ordered 
categorical variable whose value ranges from 1 to 5, with 
value 1 indicating no problem at all. The Chinese version 
of the SF-6D was derived from the SF-36 which had 
been previously validated in Singapore.16 Furthermore, 
the Chinese and English versions of SF-6D had been 
demonstrated to achieve measurement and functional 
equivalence in the Singaporean population.17 An established 
algorithm was used to map the responses to SF-6D to a 
utility index.18 With reference to the literature about body 
stature, we were mainly interested in the Mental Health 
score, but we also include an analysis of the summary 
SF-6D utility index, whose value ranges from 0.29 to 1, 
with 1 representing full health. A difference of 0.04 in the 
SF-6D health utility is considered minimally important.19 

Height was measured using an ultrasonic height senor 
(Avamech, Model B1000), which has an accuracy of up 
to ±0.5 cm and range of 85 to 201 cm. Measurement was 
performed by the clinic nurses who do this for all patients 
seen at the polyclinics as a standard practice. Participants 
were required to stand upright and look ahead as per 
standard polyclinic measurement protocol. Covariates 
include age, gender, mode of interview (computer versus 
face-to-face), clinician-reported chronic morbidities 
(diabetes, hypertension, hyperlipidaemia, ischaemic heart 
disease, stroke, osteoarthritis, and asthma) and any acute 



February 2013, Vol. 42 No. 2

75 Height and Mental Health—Yin Bun Chueng et al

conditions on the day of outpatient visit, self-reported use 
of walking aids, body mass index (BMI), socioeconomic 
variables (highest education level attained, types of 
housing, work status and marital status), and smoking. The 
categorisations of these variables are shown in Table 1 and 
are self-explanatory. 

Statistical Analysis
Height was analysed both as a continuous variable 

(in cm) and a categorical variable based on age-and-sex 
specifi c 5th and 95th percentiles. The percentiles were 
separately estimated from males and females in this sample 
using quantile regression,20,21 with age and age-squared as 
predictors. Those below the 5th, between 5th to 95th, and 

above the 95th percentiles were considered to have short, 
normal and tall statures. 

To untangle the complex nature of relationship among 
these variables, linear regression was performed on the 
SF-6D utility index in a sequential manner with a view 
to infer how the groups of variables affect the outcomes 
and each other. Model I related health utility to height, 
adjusted for age, gender and mode of interview. Model II 
further adjusted for chronic morbidities, use of walking 
aids, presence of any acute conditions and BMI. Model III 
further adjusted for socioeconomic variables and smoking. 
Ordinal logistic regression was performed on Mental Health 
and other individual domains using the same sequential 
approach for covariate adjustment.22 

Table 1. Participant Characteristics, by Height Groups*

Characteristics Category Short (n = 219) Normal (n = 3977) Tall (n = 218) P value†

Mean (SD) Height (in cm) 145.2 (6.9) 159.0 (7.9) 171.3 (7.3) <0.001

Mean (SD) BMI 26.1 (5.2) 24.6 (4.2) 24.0 (4.2) <0.001

Mean (SD) Age (in years) 56.3 (13.6) 56.2 (13.8) 56.4 (13.8) 0.977

Gender Female 61.9% 61.6% 61.9% 0.998

Mode of Interview Computer-administered 53.0% 50.7% 49.1% 0.714

With Chronic Diabetes 17.8% 16.3% 14.2% 0.589

  Conditions Ischaemic heart disease 5.5% 4.5% 3.7% 0.653

Hypertension 42.9% 44.7% 43.6% 0.836

Hyperlipidaemia 33.8% 31.1% 25.2% 0.123

Stroke 1.8% 1.7% 1.4% 0.923

Osteoarthritis 0.5% 0.9% 1.8% 0.253

Asthma 0.5% 0.8% 1.8% 0.183

Use Walking Aids Yes 8.2% 5.5% 2.8% 0.043

With Acute Conditions Yes 40.2% 43.2% 46.3% 0.431

Highest Education Primary 23.7% 34.6% 39.9% <0.001

Secondary 63.5% 47.7% 39.0%

Tertiary 12.8% 17.8% 21.1%

Type of Housing Public (1/2 rooms) 14.2% 8.6% 6.9% 0.001

Public (3/4 rooms) 69.0% 60.2% 58.3%

Public (5 rooms) 10.5% 15.3% 15.1%

Executive condominium 1.4% 2.0% 0.9%

Private/condominium 3.7% 8.0% 11.0%

Landed property 1.4% 5.0% 7.3%

Temporary structure 0% 1.0% 0.5%

Work Status Not working 45.2% 44.3% 43.1% 0.906

Marital Status Single 26.5% 16.3% 15.6% 0.002

Married 60.3% 73.0% 75.2%

Divorced/separated 3.7% 3.2% 3.7%

Widowed 9.6% 7.5% 5.5%

Smoking Current smoker 9.6% 10.2% 10.6% 0.944

BMI: body mass index; SD: standard deviation
*Short and tall stature defi ned as below the 5th and above the 95th age-and-gender specifi c percentiles, respectively   
†ANOVA for continuous variables and chi-square for categorical variables
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Interaction between height and age was explored by 
including their cross-product term in the analysis. Non-
linear age effect was explored by including an age-squared 
term. A subgroup analysis in those less than 60 years of age 
was conducted to focus on the effect of fi nal height before 
height loss in old age.  

      
Results
Descriptive Summary

A total of 4804 participants were recruited, of whom 197 
did not complete most parts of the interview (e.g. age not 
reported) and were not entered into the research database as 
they failed to satisfy the requirement of the main study; 193 
had missing values in the variables needed for the present 
analyses (17 of these were not measured for height because 
they were on wheelchair or did not feel well to stand). The 
analyses here included 4414 participants. There were no 
statistically signifi cant (P >0.05) difference between the 
4414 included participants and the 193 excluded in terms 
of the characteristics in demographic and health variables 
aforementioned (shown in Table 1), except that the excluded 
participants had a higher prevalence of osteoarthritis (3.1% 
versus 0.9%, P = 0.010; sample size varied between 95 
to 193 out of the 193 participants across variables due to 
missing values).   

The mean (SD) height was 158.9 (8.9) cm. The quantile 
regression assigned 219 (5.0%) and 218 (4.9%) participants 
to the short and tall stature groups, respectively. The 
estimated quantiles as a quadratic function of age are 
shown in Table 2.  

Table 2. Percentiles of Height (cm) as a Quadratic Function of Age 
(Years) Estimated by Quantile Regression

Gender Percentile Equation

Male 5th 173.57 − 0.4795×age + 0.0025×age-squared

Male 95th 191.12 – 0.2934×age + 0.0004×age-squared

Female 5th 152.62 – 0.0688×age − 0.0010×age-squared

Female 95th 175.92 – 0.2014×age − 0.0002×age-squared

  Table 1 shows the characteristics of the participants, 
by height categories. The 3 groups did not differ in age 
and gender, demonstrating the appropriateness of the 
generation of the percentiles. The oldest participant was 96 
years old; the 99th percentile was 80. The 3 groups were 
largely similar in health conditions, except that there was 
a trend of inverse association between height and the use 
of walking aids (P = 0.043). Taller people clearly had a 
better educational background and housing situation (i.e. 
more in public housing with 5 rooms, private housing and 
landed property), and they were more likely to be married 
(each P <0.01). 

The mean (SD) SF-6D health utility value was 0.850 
(0.114). The lowest and highest utility values observed were 
0.377 and 1.0 respectively. The distribution of the utility 
and Mental Health scores are shown in Table 3, by height 
group. Without adjustment for covariates, better Mental 
Health was signifi cantly associated with taller stature (P 
= 0.038), but health utility was not (P = 0.091). We further 
analysed the distribution of the responses on the other 5 
SF-6D domains. They did not signifi cantly differ across 
height groups (each P >0.05). 

Regression Analysis
Table 4 shows linear regression models on SF-6D health 

utility values and ordinal logistic regression models on SF-
6D Mental Health score among all the study participants 
(n = 4414). The upper panel concerns using height in cm 
as a continuous exposure variable. Adjusting for only age, 
gender and mode of interview, height had a marginally 
signifi cant association with health utility (P = 0.051). For 
every one cm taller, health utility increased by 0.00054. 
Further adjustment for health covariates (Model II) and 
socioeconomic and behavioural covariates (Model III) 
made some reduction in the association. Ordinal logistic 
regression models shows an association between taller 
height and better (smaller value) Mental Health score (each 
P <0.01). Adjustment for covariates had little impact on 
the fi ndings. 

Table 3. Distribution of SF-6D Health Utility and Mental Health Score, by Height Groups*

SF-6D measure Value Short (n = 219) Normal (n = 3977) Tall (n = 218) P value†

Utility Mean (SD) 0.842 (0.118) 0.850 (0.113) 0.864 (0.119) 0.091

Range 0.471 to 1 0.377 to 1 0.501 to 1

Mental Health 1 (Best) 45.2% 54.5% 59.2% 0.038

2 42.9% 34.0% 29.4%

3 7.8% 8.3% 6.4%

4 3.7% 2.2% 3.7%

5 (Worst) 0.5% 1.1% 1.4%

SD: standard deviation
*Short and tall stature defi ned as below the 5th and above the 95th age-and-gender specifi c percentiles, respectively   
†ANOVA for continuous variables and Chi-square for categorical variables
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The lower panel of Table 4 shows analyses using height 
as a categorical exposure variable, with the normal stature 
group as reference. Short stature was associated with 
poorer Mental Health regardless of covariate adjustment 
(P ≤0.02). The difference in Mental Health between the tall 
and normal stature groups were smaller (and statistically 
non-signifi cant) than that between the short and normal 
stature groups. Although there was a pattern of lower health 
utility values in shorter people and higher utility values 
in taller people, none of the coeffi cients were statistically 
signifi cant (each P >0.05). 

Since the regression coeffi cients in an ordinal logistic 
regression model is not easy to interpret, we used results 
from Model III in the lower panel of Table 4 to obtain the 
predicted probability distribution of Mental Health score, 
by height categories, setting covariates at their mean level. 
The results are shown in Table 5. The predicted probability 
of having the best level of Mental Health was 11.2% lower 
(47.0% vs 58.2%) in the short stature than the tall stature 
group, while the predicted probability of having the worst 
level was 0.5% higher (1.3% vs 0.8%) in the short than the 
tall stature group.  

Inclusion of an age-squared term in the models did not 
improve the fi t in any regression models aforementioned 
(each P >0.10). Inclusion of an interaction term for age 
and height did not improve the fi t either (each P >0.10). 
At the suggestion of a reviewer, we further added the 
physical domains of SF-6D (physical functioning, pain 
and vitality) as covariates to Model III for the analysis of 
mental health. The ordinal logistic regression coeffi cient 
on the mental health outcome was – 0.013 (P = 0.010) per 
one cm increase in height. Comparing this to the results 
in Table 4, it can be seen that the adjustment for physical 
domains had very limited impact on the association between 
height and mental health.    

Table 6 shows the results of analysis limited to those 
aged below 60 (n = 2513). The upper panel shows the 
analyses using height as a continuous variable. Although the 
regression coeffi cients on SF-6D health utility weakened, 
the ordinal logistic regression analyses on the Mental 
Health scores in this younger group remained statistically 
signifi cant (each P ≤0.017) and the ordinal regression 
coeffi cients were slightly stronger than those estimated in 
the whole sample. Using height as a categorical variable 
(lower panel of Table 6), none of the regression coeffi cients 
were statistically signifi cant but the gradient of better 
Mental Health in relation to taller stature remained. When 
the 3 SF-6D physical domains were added to Model III as 
aforementioned, the OR changed slightly from – 0.016 (P 
= 0.010) to – 0.019 (P = 0.005).

Discussion
Western studies have not been conclusive about the 

presence or absence of an association between height and 
mental health. Furthermore, there is no consensus on how 
to explain the association between height and quality of 
life and mental health outcomes, which has been reported 

Table 4. Linear Regression Analyses of SF-6D Health Utility and Ordinal Logistic Regression Analysis of SF-6D Mental Health Score on Height (N = 
4414), Adjusted for Covariates*

Endpoint Exposure
Regression coeffi cient (P value)

Model I Model II Model III

SF-6D Health Utility Height (in cm) 0.00054 (0.051) 0.00048 (0.084) 0.00045 (0.106)

Mental Health Height (in cm) – 0.014 (0.004) – 0.014 (0.004) – 0.015 (0.002)

SF-6D Health Utility Normal Reference Reference Reference

Short – 0.008 (0.298) – 0.007 (0.388) – 0.004 (0.614)

Tall 0.015 (0.061) 0.015 (0.055) 0.014 (0.073)

Mental Health Normal Reference Reference Reference

Short 0.301 (0.020) 0.309 (0.018) 0.317 (0.016)

Tall – 0.151 (0.277) – 0.161 (0.250) – 0.153 (0.276)

*Model I adjusted for age, gender and mode of interview; Model II further adjusted for chronic conditions, use of walking aids, acute conditions and BMI; 
Model III further adjusted for socioeconomic status and smoking (see Table 2 for variables and categorisations)

Table 5. Predicted Distribution of SF-6D Mental Health Domain, by 
Height, Adjusted for Covariates*

SF-6D 
measure Value

Short
(n = 219)

Normal
(n = 3977)

Tall
(n = 218)

Mental 
Health

1 (Best) 47.0% 54.6% 58.2%

2 38.6% 34.4% 32.1%

3 10.1% 7.8% 6.9%

4 3.0% 2.2% 1.9%

5 (Worst) 1.3% 1.0% 0.8%

*Adjustment based on Model III in Table 4; Figures may not sum to 
100% due to rounding.
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in some studies. One biological explanation is that adult 
height is an indicator of growth in early life,1,23 which 
is hypothesised to have an impact on hypothalamic-
pituitary-adrenocortical (HPA) axis hormonal responses 
in adulthood, which in turn may have an impact on mental 
health.2,24 An alternative, social explanation is that society 
favours taller and discriminates against shorter people, 
leading to differences in socioeconomic status, which 
in turn affects quality of life and mental health.1,3 These 
explanations are not mutually exclusive. Regardless of the 
true causes, the association is an important concern from 
both epidemiological and clinical perspectives.

A previous American study and a Swedish study disagreed 
on whether association between height and mental health 
was a result of social processes.1,3 This raises doubt about 
how sociocultural context modifi ed the impact of height 
on health. Culture and child growth patterns, as well as 
their potential impact, can be different across populations. 
We have used data from a survey of ethnic Chinese in 
Singapore to address this issue. To our knowledge, this 
study is the fi rst of its kind in Asia. Comorbidity data were 
obtained from clinicians; a wealth of other health, social 
and behavioural factors was self-reported. It is known that 
self-reported height may have limited level of accuracy. 
Our study used a highly accurate ultrasonic machine for 
height measurement performed by nurses. The SF-6D has 
multiple quality of life domains and an overall health utility 
index. Our analyses were guided by the literature to focus 
on the Mental Health domain and the health utility index 
as a summary measure. 

The main limitation of the present work is that it is a cross-
sectional study. It is unable to be defi nitive in identifying 
causal relation. A lot of interest in this area concerns changes 
in height from early childhood to adulthood. We are only 
able to look at a snapshot of adult life in this study. Another 

limitation is that the sample was recruited from a polyclinic, 
which may limit the generalisability. Furthermore, due to 
the busy polyclinic setting, we did not count the number 
of people approached and reasons of non-participation. 
However, the socioeconomic and behavioural features of 
the sample were similar to the Singapore population. For 
example, in 2007, 21.2% male and 3.6% female ethnic 
Chinese Singaporean residents aged 18 to 69 were smokers,25 
whereas the fi gures were 20.6% and 3.6% in the present 
sample of male and female ethnic Chinese aged at least 
21 (exclusion of respondents aged above 69 gave similar 
fi gures; details not shown). In the Tanjong Pagar Survey,26 
which was a community study of 40 to 79 years old Chinese 
people on the electoral register, the mean age was 58.1 and 
mean height was 1.59 metres. These compared well with 
the present sample. The polyclinic sample does not appear 
to be atypical although a representative random sample of 
the general population would be ideal. Furthermore, the 
analyses were adjusted for a range of covariates, meaning 
we are comparing people against others with the same profi le 
within the sample. So, we do not think there is a bias in 
the estimates of association due to the choice of polyclinic 
setting. Ideally mental health should be evaluated by more 
comprehensive and precise measurements than the SF-6D 
domain. The reason for using this endpoint was that this is a 
secondary analysis of data collected for other purpose. One 
may criticise that this is a crude measure and may not pick 
up small differences. However, we have demonstrated an 
association between height and mental health as measured 
by the SF-6D domain; we would expect that the use of 
more precise measures would reproduce this pattern of 
association.       

In this sample of 4414 ethnic Chinese adults in Singapore, 
the association between height and the SF-6D Mental Health 
domain was robust to defi nition of the height variable and 

Table 6. Linear Regression Analyses of SF-6D Health Utility and Ordinal Logistic Regression Analysis of SF-6D Mental Health Score on Height in 
Subgroup Aged <60 (N = 2513), Adjusted for Covariates*

Endpoint Exposure
Regression coeffi cient (P value)

Model I Model II Model III

SF-6D Health Utility Height (in cm) 0.00029 (0.430) 0.00025 (0.500) 0.00030 (0.416)

Mental Health Height (in cm) – 0.015 (0.017) – 0.015 (0.016) – 0.016 (0.010)

SF-6D Health Utility Normal Reference Reference Reference

Short 0.0001 (0.992) 0.0002 (0.983) 0.0011 (0.921)

Tall 0.0093 (0.384) 0.0089 (0.405) 0.0093 (0.383)

Mental Health Normal Reference Reference Reference

Short 0.220 (0.204) 0.257 (0.140) 0.277 (0.115)

Tall – 0.236 (0.201) – 0.223 (0.231) – 0.198 (0.290)

*Model I adjusted for age, gender and mode of interview; Model II further adjusted for chronic conditions, use of walking aids and acute conditions; 
Model III further adjusted for socioeconomic status, smoking and BMI (see Table 2 for variables and categorisations)
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covariate adjustment. However, the practical signifi cance 
was not clear. While the group with height below 5th 
percentile clearly had a lower probability of reporting the 
best level of Mental Health, they did not have a big increase 
in the probability of reporting the worst level either (Table 
5). Adjustment for a range of clinician- and self-reported 
health conditions did not affect the pattern either, suggesting 
the association was not mediated by known physical health 
problems. A biological explanation concerning the HPA 
axis remains a possible candidate. 

Height in older people can be a combined result of early 
height gain and height loss in old age.6 In subgroup analyses 
that only included those under age 60, the association 
between height and SF-6D Mental Health score persisted. 
The ordinal logistic regression coeffi cients were stable 
although the P values increased from <0.005 to <0.02. The 
increase was expected as the sample size for this subanalysis 
reduced by about half.          

Conclusion
In conclusion, adult height has a positive association with 

mental health as measured by SF-6D among the ethnic 
Chinese people in Singapore. Socioeconomic status and 
physical health status do not explain this association. Adult 
height had no association with health utility as measured 
by SF-6D.  
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