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multilevel modeling analysis using data
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Abstract

Background: Substantial research has shown that emotions play a critical role in physical health. However, most of
these studies were conducted in industrialized countries, and it is still an open question whether the emotion-
health connection is a “first-world problem”.

Methods: In the current study, we examined socio-economic development’s influence on emotion-health
connection by performing multilevel-modeling analysis in a dataset of 33,600 individuals from 162 counties in
China.

Results: Results showed that both positive emotions and negative emotions predicted level of physical health and
regional Gross Domestic Product Per Capita (GDPPC) had some impact on the association between emotion and
health through accessibility of medical resources and educational status. But these impacts were suppressed, and
the total effects of GDPPC on emotion-health connections were not significant.

Conclusions: These results support the universality of emotion-health connection across levels of GDPPC and
provide new insight into how socio-economic development might affect these connections.
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Background
A great deal of evidence has suggested that emotions
play a critical role in physical health, such that negative
emotions (NE) are detrimental while positive emotions
(PE) are beneficial [1–5]. One caveat in this literature,
however, is that most of the existing studies were con-
ducted in industrialized countries. As suggested by SD
Pressman, MW Gallagher and SJ Lopez [6], people in
developed countries have met the more basic needs such
as safety and physiological needs and focus more on
their emotional well-being than those in developing
countries. To test whether the emotion-health connec-
tion is indeed a “first-world problem”, they analyzed a
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dataset of 150,048 individuals from 142 countries. The
results does not support their original speculation, indi-
cating that both NE and PE could independently and
significantly predict physical health regardless of coun-
tries’ Gross Domestic Product (GDP) per capita, even
after controlling for fulfillments of basic need. However,
PE-health link was found to be stronger in countries
with lower GDP per capita, suggesting that a country’s
level of development might have some impact on the
emotion-health connection.
Although Pressman et al.’s study has provided valuable

insight into socio-economic development’s influence on
emotion-health connection, its approach of cross-
national comparison leaves it vulnerable to confounding
factors. For example, countries’ level of socio-economic
development is correlated with culture [7–9]. While
some researchers have found weaker emotion-health
connection in Eastern cultures [10–12], others have
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found the reverse pattern [13]. Even though there is no
consensus regarding culture’s role in the emotion-health
relationship, it could potentially hinder testing the mod-
erating effect of development level. A proper test for the
“first-world problem” hypothesis requires these con-
founding factors to be controlled for.

Aim of this study
In the study reported here, we used a representative
dataset collected in China to examine whether socio-
economic development (indexed by regional GDP per
capita) affects the strength of the emotion-health con-
nection. Using China as a testing ground for the “first-
world problem” hypothesis offers several advantages.
Firstly, China is more ethnically and politically unified
than other regions in the world (e.g. such as Europe or
America) with more than 90 % of its population belongs
to Han nationality [14]; using data from a single ethni-
city naturally controls for many confounding variables
(e.g., language, culture) inherent in previous cross-
national comparisons. Secondly, development in China
is uneven across regions, and levels of regional GDPs
cover both ends of the spectrum from “third-world” to
“first-world”. For example, the GDP per capita ranges
from Gui Zhou Province’s CNY 13,119 (≈ USD 2,112) to
Beijing’s CNY 73,105 (≈ USD 11,890) among provinces
in China in 2010 [15]. Such a wide range of level of de-
velopment, combining with ethnical, political and cul-
tural homogeneity, makes China an ideal place to test
whether and how emotion-health connection is moder-
ated by socio- economic development.
Besides testing the “first-world problem” hypothesis,

we looked further into some possible mechanisms that
may account for the effect of economic development on
the linkage between emotion and health. SD Pressman,
MW Gallagher and SJ Lopez [6] interpreted the weaker
PE-health connection in developed countries as medical
interventions downgrading the impact of emotion on
health. In the current study, we tested whether accessi-
bility of medical resources could explain GDP’s effect on
the emotion-health link. Furthermore, socio-economic
development is linked with educational status, which
could facilitate emotion-regulation ability [16], thus also
weakening the association between emotion and health.

Methods
Participants
The data used in this study was collected in 2010 by the
Institute of Social Science Survey of Peking Universi-
ty(extensive information about the survey can be found
at www.isss.edu.cn/cfps/) for the China Family Panel
Studies (CFPS) which focused on the economic, as well
as the non-economic, wellbeing of the Chinese popula-
tion, and promised to provide the most comprehensive
and highest-quality survey data in contemporary China
[17–19]. And we received permission from the Institute
of Social Science Survey of Peking University to use it.
Participants were 33,600 individuals (17,314 females,

16,286 males; age ranging from16 to 110 years old, M =
45.51, SD = 16.41) from 162 counties of 25 provinces in
China. The CFPS sample was obtained through a strati-
fied multi-stage sampling procedure to represent 95 % of
the total Chinese population in 2010 (for details, see:
[20]). The mean size of the county samples was 207.41
(range = 43 – 443). 30,763 participants self-identified as
ethnic Han Chinese, 2756 as non-Han minorities, and
81 respondents did not report their ethnic. In order to
exclude the effect of culture, we analyzed only Han
Chinese [14].

Ethical considerations
The data used in this article were supported by the pro-
ject named China Family Panel Studies (CFPS), which
was implemented by Institute of Social Science Survey,
Peking University. All participants have given detailing
information about CFPS and willing to take part in.

Measure
Positive emotion
PE was measured with a single self-report five-point
happiness item enquiring whether individuals were
happy. Previous studies have found evidence pertaining
to the validity of such single-item measure [21].

Negative emotion
NE was measured with six items asking how often one
felt depressed, agitated or upset, nervous, hopeless about
future, felt that everything was difficult or thought life
was meaningless in the past month. Participants an-
swered the questions using a 5-point scale: 1 = Almost
every day, 2 = 2-3 Times a week, 3 = 2-3 Times a month,
4 =Once a month, 5 =Never. Cronbach's Alpha of these
six items is 0.932.

Health
Self-reported health was assessed with one question re-
garding self-perceived health status using a 5-point scale:
1 =Healthy, 2 = Fair, 3 = Relative unhealthy, 4 =Un-
healthy, 5 = Extremely unhealthy. Responses were
reverse-recoded so that higher scores indicated superior
health.

Socio-economic development
Gross domestic product Per capita (GDPPC) was used
as an indicator of socio-economic development. The
data of GDPPC was provided by the China Family Panel
Studies, and the levels of GDPPC across 162 counties
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range from CNY 3,191(≈ USD 519) to CNY 320,026(≈
USD 52,068).

Educational status
Educational status was measured as participant’s total
years of education.

Accessibility of medical resources
The extent to which medical resources was accessible
was measured reversely by the travel time to nearest
health facility.

Controlling variables
The following variables were added into the model as
covariates:

Gender
Participants’ gender was coded as 1 =Male, 0 = Female.

Age
Participants reported their birthday, and age in years
was calculated.

Health behavior
Two items measured whether participants have ever
drunk or smoked.

Body-Mass Index
Participants reported their height and weight. Body-
Mass Index was calculated, and two dummy variables
were created for BMI ≥ 25 and BMI < 18.

Family size
Participants reported how many people besides them-
selves were living together in their family.

Job status
Participants’ job status was classified into five categories:
working, doing housework, retired, rich and do not need
to work, and unemployed. Four dummy variables were
created using unemployed as the baseline.

Income
Income was assessed with total personal income last
year and family income per capita.

Marriage status
Participants’ marriage status was classified into three
categories: married, divorced or widowed, and unmar-
ried. Two dummy variables were created using unmar-
ried as the baseline.
Data analysis
The relationships between GDP and emotion-health
connection were analyzed in two steps. First, we com-
puted the correlation coefficient of PE/NE and self-
reported physical health within each of the 162 counties
in China and computed the summary effect of these cor-
relations. Second, we used a multilevel random-
coefficient model [22] to test whether and how GDPPC
moderated the association between physical health and
emotions. In this model, positive emotion, negative emo-
tion, years of education, travel time to the nearest health
facility and controlling variables were placed in the
individual-level regression model as predictors. It is
worth noting that GDPPC’s moderating effects on the
emotion-health connection are cross-level interactions;
previous research has shown that for this type of effect,
a minimum of 30 groups and 30 observations within
each group is required to achieve sufficient power [23].
In the current study, the number of groups was 162, and
the mean number of observations per group was 207.41,
both of which were greatly exceeding the above recom-
mendation levels, ensuring that the tests were of ad-
equate power.
In order to test the mechanism of how GDPPC mod-

erated the emotions-physical health connection, educa-
tional status and accessibility of medical resources were
also added into county-level slope model to predict PE-
health and NE-health connection, and Sobel test was
carried out to assess the indirect effects of GDPPC on
emotion-health connection through the mediators. Re-
cent development in mediation analysis suggests that in-
direct effect of X on Y through M can be directly tested
in absence of a statistically significant total effect of X
on Y [24], therefore we tested GDPPC’s indirect effects
on emotion-health connections through accessibility of
medical resources and educational status regardless of
the total effects’ significance. Individual income, family
income per capita (FIPC) and GDPPC are logarithmic-
ally transformed (e.g., [25]) and all non-dichotomous
predictors were grand-mean-centered and entered as
random slopes.

Results
Regional emotion-health correlations
Among 162 counties in China, PE was a strong posi-
tive predictor of health in 112 counties (59 counties
at p < .01 level and 53 counties at p < .05 level), and
NE was a strong negative predictor of health in 144
counties (139 counties at p < .01 level and 5 counties
at p < .05 level). In the random effect analysis of the
overall effect size, we found a significant positive cor-
relation between PE and physical health (r = .202,
95 % CI [.19, .22], Z = 25.94, p < .001) and a significant
negative correlation between NE and physical health(r =
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−.3458, 95 % CI [−.36, −.33], Z = −35.52, p < .001). Test of
heterogeneity suggested that both PE-health connection
and NE-health connection significantly varied from
county to county (Q = 325.08, df = 161, p < .001; Q =
620.34, df = 161, p < .001, respectively).
Moderating effect of GDP per capita on emotion-health
correlation
At individual-level, positive emotion, education status,
individual income, family income per capita and family
size were significantly positive predictors of physical
health, while age, unhealthy behaviors were significantly
negative predictors of physical health. It was also found
Table 1 Estimation of health’s multilevel model

Effects Estimate

Intercept of health intercept 3.952

GDPPC coefficient −0.117

Slope of PE intercept 0.089

GDPPC coefficient 0.019

AMR coefficient 0.002

ES coefficient −0.004

Slope of NE intercept −0.073

GDPPC 0.002

AMR coefficient −0.001

ES coefficient 0.004

Slope of gender intercept 0.145

Slope of age intercept −0.014

Slope of education intercept 0.006

Slope of AMR (individual-level) intercept 0.001

Slope of income intercept 0.058

Slope of FIPER intercept 0.097

Slope of family size intercept 0.017

Slope of having job intercept 0.121

Slope of Retried intercept 0.054

Slope of housework intercept 0.177

Slope of Rich, at home intercept 0.201

Slope of drink intercept −0.255

Slope of Smoking intercept −0.173

BMI≥ 25 intercept −0.045

BMI < 18 intercept −0.209

Slope of married intercept −0.094

Slope of widowed or divorced intercept 0.059

AMR at county-level intercept −0.233

GDPPC coefficient 5.367

ES at county-level intercept 0.073

GDPPC coefficient 3.577

AMR accessibility of medical resources, GDPPC GDP per capita, ES educational statu
that BMI, job status and marriage status were significant
predictors of physical health (see Table 1 for details).
At county-level, GDPPC was a significant negative

predictor of the intercept of physical health (γ = −0.148,
SE = 0.066, 95 % CI [−0.277, −0.020], p = 0.024). Critic-
ally, the direct effect of GDPPC on PE-health relation-
ship did not significant (γ = 0.015, SE = 0.014, 95 % CI
[−0.013, 0.044], p > .250), nor NE-health relationship (γ
= 0.010, SE = 0.006, 95 % CI [−0.003, 0.022], p = .120).

Mediating roles of accessibility of medical resources and
educational status
As shown in Fig. 1, GDPPC was a significant predictor
of years of education and accessibility of medical
S.E. Est./S.E. 95 % CI P-value

0.041 96.680 [3.872, 4.032] 0.000

0.065 −1.783 [−0.245, 0.012] 0.075

0.006 14.013 [0.077, 0.102] 0.000

0.016 1.241 [−0.011,0.050] 0.215

0.001 3.055 [0.001, 0.003] 0.002

0.002 −2.326 [−0.008, 0.001] 0.020

0.003 −26.988 [−0.078, 0.068] 0.000

0.009 0.274 [−0.015, 0.019] 0.784

0.001 −1.608 [−0.002, 0.000] 0.108

0.002 2.014 [0.000, 0.007] 0.044

0.013 10.951 [0.119, 0.171] 0.000

0.001 −25.528 [−0.015,-0.013] 0.000

0.002 3.894 [0.003, 0.009] 0.000

0.001 2.612 [0.001,0.002] 0.009

0.011 5.282 [0.036,0.079] 0.000

0.017 5.546 [0.062, 0.131] 0.000

0.004 4.652 [0.010, 0.025] 0.000

0.015 8.231 [0.092, 0.150] 0.000

0.059 0.916 [−0.061, 0.169] 0.359

0.026 6.696 [0.125, 0.229] 0.000

0.069 2.897 [0.065, 0.337] 0.004

0.028 −9.281 [−0.309, 0.202] 0.000

0.024 −7.144 [−0.221, 0.126] 0.000

0.015 −2.972 [−0.075, 0.015] 0.003

0.023 −9.126 [−0.254, 0.164] 0.000

0.023 −4.017 [−0.140, 0.048] 0.000

0.035 1.681 [−0.010, 0.127] 0.093

0.430 −0.541 [−1.077, 0.611] 0.588

0.976 5.499 [3.454, 7.280] 0.000

0.131 0.593 [−0.179, 0.335] 0.553

0.298 12.017 [2.994, 4.160] 0.000

s, all non-dichotomous predictors were grand-mean-centered



Fig. 1 Mediation model showing the relationships between GDPPC and emotion-health connection as mediated by accessibility of medical
resources and educational status. In this multilevel random-coefficient model, positive emotion, negative emotion, and health were individual-
level variables, and GDPPC, educational status and accessibility of medical resources were county-level variables. Unstandardized regression
coefficients are shown, and standard errors are given in parentheses. One asterisk indicate significant coefficients (p < .05), two asterisks indicate
significant coefficients (p < .01)
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resources (γ = 3.577, SE = .298, 95 % CI [2.994, 4.160],
p = .000; γ = 5.367, SE = .976, 95 % CI [3.454, 7.280],
p < .001, respectively). Adding these two variables in
county-level slope model of GDP-emotion-health
yielded that NE-health connection was significantly
affected by years of education (γ = .004, SE = .002,
95 % CI [.000, .006], p = .044) but not by accessibility
of medical resources (γ = −.001, SE = .001, 95 % CI
[−.002, .000], p = .110). PE-health connection, on the
other hand, was significantly affected by both educa-
tional status (γ = −.004, SE = .002, 95 % CI [−.008,
−.001], p = .020) and accessibility of medical resources
(γ = .002, SE = .001, 95 % CI [.001, .003], p = .002).
Analysis of residual variances showed that NE-health
wasn’t fully explained (ε = 0.001, SE = 0.000, 95 % CI
[.000, .001], p < .001), while PE-health was (ε = 0.000,
SE = 0.000, 95 % CI [.000, .000], p > .250).
To exam whether educational status and medical re-

sources are indeed mediating the relationship between
GDPPC and emotions-physical health, we carried out Sobel
test on the indirect effects. For educational status, both the
indirect effects of GDPPC on PE-health connection
through years of education and GDPPC on NE-health
connection through years of education were significant
(γ = −.015, SE = .007, 95 % CI [−.028, −.002], p = .022,
and γ = .013, SE = .006, 95 % CI [.000, .025], p = .047, re-
spectively). For accessibility of medical resources, the
indirect effect of GDPPC on PE-health connection
through accessibility of medical resources was significant
(γ = 0.009, SE = 0.003, 95 % CI [.002, .016], p = .008), while
the indirect effect of GDPPC on NE-health connection
through accessibility of medical resources was not (γ =
−0.004, SE = 0.003, 95 % CI [−.010, .001], p = .123).
Educational status and accessibility of medical re-

sources fully mediated the effects of GDPPC on
emotions-health connections such that GDPPC’s direct
effects were still non-significant after adding the two
variables (γ = 0.019, SE = 0.016, 95 % CI [−.011, .050],
p = .215, and γ = 0.002, SE = 0.009, 95 % CI [−.015,
.019], p > .250). Furthermore, neither the total effect of
GDPPC on PE-health relationship nor the total effect
of GDPPC on NE-health relationship was significant (γ
= 0.076, SE = 0.046, 95 % CI [−.015, .167], p = .100, and
γ = 0.015, SE = 0.022, 95 % CI [−.028, .058], p > .250,
respectively).

Discussion
Using a large-scale dataset collected from a representa-
tive sample in China, we replicated Pressman et al.’s [6]
finding that both PE and NE could independently and
significantly predict self-reported health, once again
showing that emotions play a critical role in physical
health. Contrary to their results, however, neither PE-
health connection nor NE-health connection was mod-
erated by regional GDPPC. Given that our data was
collected within a single nation, which naturally
controlled for many confounding factors such as culture
[6, 10, 26], the current study provided a more rigorous
test of socio-economic development’s effect on the asso-
ciation between emotion and health, and suggested that
the emotion-health connection is not, after all a ‘first-
world problem’.
Despite of the non-significance of GDPPC’s total effects

on emotion-health connections, several mediating path-
ways through accessibility of medical resources and edu-
cational status were confirmed. To interpret GDPPC’s
moderation effect on PE-health connection in their re-
sults, SD Pressman, MW Gallagher and SJ Lopez [6] pro-
posed that in developed regions medical interventions
downgraded the impact of emotions on health. Our em-
pirical test of the pathway showed that it was statistically
significant, but in opposite direction: GDPPC predicted
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easier accessibility of medical resources, which actually
strengthened PE-health connection. One interpretation is
that positive emotion might promote people to utilize
available medical resources to deal with physical problem.
In addition, educational status showed a significant medi-
ating effect between GDPPC and PE-health, such that
higher GDPPC was linked with higher educational status,
which in turn predicted weaker association between PE
and health. Previous studies have shown that education
could facilitate emotion-regulation ability [e.g., 16], which
might in turn downgrades emotions’ impact on health.
This interpretation is also applicable to NE-health connec-
tion, which shifted closer to zero as educational status in-
creased. Overall, these results provide new insight into the
underlying mechanism through which socio-economic de-
velopment might affect the emotion-health connection.
Beyond the two mediators examined here, other pathways
in opposite direction may also exist, rendering the total ef-
fects of socio-economic development on emotion-health
connections to be non-significant, which is worthy of fu-
ture research. Furthermore, different from the results in
previous study [6], the study shows that it’s equally im-
portant for them to alter their levels of happiness or sad-
ness as the riches. So, policy makers must remind
themselves of creating conditions to meet not only the
rich's spiritual pursuit, but also the poor’s.
One limitation of the current study is that several key

variables, such as PE and health status, were assessed
with single-item measures. Theoretically, these con-
structs are multidimensional and have different sub-
components, and there are multi-item scales available
[27, 28]. In addition, personal health could also be
assessed with more objective measures such as illness
status. Unfortunately, the CFPS only contains the self-
rated single-item ones. Nonetheless, previous research
has shown that even these general self-rated single-item
measures still demonstrated adequate predictive validity
of key outcome variables [29]. Furthermore, although
using a sample from single country rules out many po-
tential confounding factors, it also leaves one to specu-
late whether characteristics of the specific country could
affect the results and whether they can be generalized to
other countries. For example, previous cultural-
psychological studies showed that in Western cultures,
emotions are the reflection of the inner world, while in
East Asian cultures they are more affected by the social
relationships and interpreted as products of situation
[10, 26, 30, 31], and such different approaches towards
emotion may in turn affect the emotion-health connec-
tion. However, existing studies on cultural differences
are limited in number and yielded mixed results [e.g.,
10, 11–13]. In the future, it’s necessary to measure cul-
ture variables directly and examine their impact on the
emotion-health connection.
Conclusion
Although GDPPC had some impact on emotion-health
connection through accessibility of medical resources
and educational status, the total moderating effects were
not significant, supporting that emotional influences on
personal health are not a “first-world problem”, but uni-
versal across levels of socio-economic development.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
YZ designed the research and analyzed the data with the assistance of WF.
Both authors wrote the manuscript and approved the final version of the
manuscript for submission.

Acknowledgments
We thank the Institute of Social Science Survey of Peking University who
made this research possible, and thank Yiming Jing, Zhifang He and two
reviewers for useful discussions.

Funding
This work was supported by the Humanities & Social Science Fund of
Ministry of Education of the People’s Republic of China under Grant No.
13YJC790189 to Zonghuo Yu.

Author details
1Jiangxi Normal University, Room 313, Jieqiong Buliding, No. 99, Ziyang
Road, Nanchang, China. 2Jiangxi Key Laboratory for Psychology and
Cognitive Science, Nanchang, China. 3Tsinghua University, Beijing, China.

Received: 2 October 2015 Accepted: 3 March 2016

References
1. Kiecolt-Glaser JK, McGuire L, Robles TF, Glaser R. Emotions, morbidity, and

mortality: New perspectives from psychoneuroimmunology. Annu Rev
Psychol. 2002;53:83–107.

2. Fredrickson BL. The value of positive emotions: the emerging science of
positive psychology is coming to understand why it's good to feel good.
Am Sci. 2003;91:330–5.

3. Pressman SD, Cohen S. Does positive affect influence health? Psychol Bull.
2005;131(6):925–71.

4. McAneney H, Tully MA, Hunter RF, Kouvonen A, Veal P, Stevenson M, Kee F.
Individual factors and perceived community characteristics in relation to
mental health and mental well-being. BMC Public Health. 2015;15:1237.

5. Jamieson LM, Paradies YC, Gunthorpe W, Cairney SJ, Sayers SM. Oral health
and social and emotional well-being in a birth cohort of Aboriginal
Australian young adults. BMC Public Health. 2011;11:656.

6. Pressman SD, Gallagher MW, Lopez SJ. Is the emotion-health connection a
“First-world problem”? Psychol Sci. 2013;24(4):544–9.

7. Cox PL, Friedman BA, Tribunella T. Relationships among cultural dimensions,
national gross domestic product, and environmental sustainability.
J Applied Business and Economics. 2011;12(6):46–56.

8. Hofstede G. Culture's consequences: international differences in work-
related values. Beverly Hills CA: Sage Publications; 1980.

9. Hofstede G. Dimensionalizing Cultures: The Hofstede Model in Context.
Online Readings in Psychology and Culture. 2011, 2(1).

10. Curhan KB, Sims T, Markus HR, Kitayama S, Karasawa M, Kawakami N, Love
GD, Coe CL, Miyamoto Y, Ryff CD. Just How Bad negative affect is for your
health depends on culture. Psychol Sci. 2014;25(12):2277–80.

11. Miyamoto Y, Ryff CD. Cultural differences in the dialectical and non-
dialectical emotional styles and their implications for health. Cognition and
Emotion. 2011;25:22–39.

12. Miyamoto Y, Boylan JM, Coe CL, Curhan KB, Levine CS, Markus HR, Park J,
Kitayama S, Kawakami N, Karasawa M et al. Negative emotions predict
elevated interleukin-6 in the United States but not in Japan. Brain Behav
Immun. 2013;34:79–85.



Yu and Wang BMC Public Health  (2016) 16:257 Page 7 of 7
13. Pressman SD, Gallagher MW, Lopez SJ, Campos B. Incorporating culture into
the study of affect and health. Psychol Sci. 2014;25(12):2281–3.

14. Talhelm T, Zhang X, Oishi S, Shimin C, Duan D, Lan X, Kitayama S. Large-
scale psychological differences within china explained by rice versus wheat
agriculture. Science. 2014;344(6184):603–8.

15. [http://www.stats.gov.cn/]
16. Boylan JM, Ryff CD. Varieties of anger and the inverse link between

education and inflammation: toward an integrative framework. Psychosom
Med. 2013;75(6):566–74.

17. Hvistendahl M. Survey to reveal true face of Chinese society. Science. 2010;
328(5978):554–5.

18. Hvistendahl M. The numbers game. Science. 2013;340(6136):1037–9.
19. Xie Y, Zhou X. Income inequality in today's China. Proc Natl Acad Sci U S A.

2014;111(19):6928–33.
20. Xie Y. China Family Panel Studies (2010) User's Manual. 2012.
21. Oswald AJ, Wu S. Objective confirmation of subjective measures of human

well-being: evidence from the U. S. A. Science. 2010;327:576–9.
22. Raudenbush SW, Bryk AS. Hierarchical Linear Models: Applications and Data

Analysis Methods. 2nd ed. Newbury Park, CA: Sage Publications; 2002.
23. Scherbaum CA, Ferreter JM. Estimating statistical power and required

sample sizes for organizational research using multilevel modeling. Organ
Res Methods. 2009;12(2):347–67.

24. Hayes AF. Beyond Baron and Kenny: Statistical mediation analysis in the
new millennium. Communication Monographs. 2009, 76(408–420).

25. Kahneman D, Deaton A. High income improves evaluation of life but not
emotional well-being. Proc Natl Acad Sci U S A. 2010;107(38):16489–93.

26. Kitayama S, Park J, Boylan JM, Miyamoto Y, Levine CS, Markus HR, Karasawa
M, Coe CL, Kawakami N, Love GD, et al. Expression of anger and Ill health in
Two cultures: an examination of inflammation and cardiovascular risk.
Psychol Sci. 2015;26(2):211–20.

27. Powers TA, Zuroff DC. Development and validation of brief measures of
positive and negative affect: the PANAS scales. J Pers Soc Psychol. 1988;
54(6):1063–670.

28. John E, Ware J, Sherbourne CD. The MOS 36-item short-form health survey
(SF-36): I. Conceptual framework and item selection. Med Care. 1992;30(6):
473–83.

29. DeSalvo KB, Bloser N, Reynolds K, He J, Muntner P. Mortality prediction with
a single general self-rated health question: a meta-analysis. J Gen Intern
Med. 2006;21(3):267–75.

30. Uchida Y, Townsend SSM, Markus HR, Bergsieker HB. Emotions as within or
between people? cultural variation in Lay theories of emotion expression
and inference. Pers Soc Psychol Bull. 2009;35(11):1427–39.

31. Chentsova-Dutton YE, Tsai JL. Self-focused attention and emotional
reactivity: the role of culture. J Pers Soc Psychol. 2010;98(3):507–19.
•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

http://www.stats.gov.cn/

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Aim of this study

	Methods
	Participants
	Ethical considerations
	Measure
	Positive emotion
	Negative emotion
	Health
	Socio-economic development
	Educational status
	Accessibility of medical resources
	Controlling variables
	Gender
	Age
	Health behavior
	Body-Mass Index
	Family size
	Job status
	Income
	Marriage status

	Data analysis

	Results
	Regional emotion-health correlations
	Moderating effect of GDP per capita on emotion-health correlation
	Mediating roles of accessibility of medical resources and educational status

	Discussion
	Conclusion
	Competing interests
	Authors’ contributions
	Acknowledgments
	Funding
	Author details
	References



