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ABSTRACT 
 

Health Outcomes and Socio-Economic Status among the 
Elderly in China: Evidence from the CHARLS Pilot* 

 
We are concerned in this paper with measuring health outcomes among the elderly in 
Zhejiang and Gansu provinces, China, and examining the relationships between different 
dimensions of health status and measures of socio-economic status (SES). We use the 
China Health and Retirement Longitudinal Study (CHARLS) pilot data to document health 
conditions among the elderly in Gansu and Zhejiang provinces, where the survey was 
fielded. We use a very rich set of health indicators that include both self-reported measures 
and biomarkers. We also examine correlations between these health outcomes and two 
important indicators of socioeconomic status (SES): education and log of per capita 
expenditure (log pce), our preferred measure of household resources. While there exists a 
very large literature that examines the relationships between SES and health measures, little 
has been done on Chinese data to see whether correlations reported in many other countries 
are replicated in China, particularly so for the aged. In general education tends to be 
positively correlated with better health outcomes, as it is in other countries. However, 
unmeasured community influences turn out to be highly important, much more so than one 
usually finds in other countries. While it is not yet clear which aspects of communities matter 
and why they matter, we set up an agenda for future research on this topic. We also find a 
large degree of under-diagnosis of hypertension, a major health problems that afflicts the 
aged. This implies that the current health system is not well prepared to address the rapid 
aging of the Chinese population, at least not in Gansu and Zhejiang. 
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1. Introduction 
 
 We are concerned in this paper with measuring health outcomes among the elderly in 

Zhejiang and Gansu provinces, China, and examining the relationships between different 

dimensions of health status and measures of socio-economic status (SES).  China has undergone 

a health revolution over the past 50 years, with life expectancy having risen from 46 in the 1950s 

to just over 71 in 2000 (Wagstaff et al., 2009; World Health Organization, 2009).  Driving this 

change, under 5 mortality fell dramatically from 225 per 1,000 live births in 1960 to 64 in 1980 

to 22 in 2007 (Wagstaff et al., 2009; UNICEF, 2009).  Most of this decline was due to an 

increasing control over infectious disease and under-nutrition.  As a result, infectious diseases 

have been progressively replaced by chronic diseases as the major source of ill-health and 

mortality (Hossein, 1997; Lopez et al., 2006). 

As China has been passing through its health transition, it has also been undergoing a 

nutrition transition, which has both good and bad sides (Popkin et al., 1993, 1995a; Popkin, 

1999, 2002).  Among the principle dimensions of this transition has been a dramatic rise in body 

mass index among adults and a large change in diet towards more fatty foods (Popkin et al., 

1995b).  For instance Luo (2003), using the China Health and Nutrition Survey (CHNS), 

documents an increase in overweight for adults over 20 years from 1989 to 1997; for women 

from 11%  to 21% and from 6% to 17% for men.1  At the same time, Luo shows that the fraction 

of adults elderly who are undernourished (a BMI under 18.5) has fallen, particularly so for those 

over 60 years, from 19% to 13% for women and 20% to 12% for men, from 1991 to 1997.  

 Related to the health and nutrition transitions has been China’s demographic transition.  

China’s elderly will increase from under 10% of the total population in 2000 to 30% in 2050 

                                        
1 Overweight is defined using World Health Organization standards of having a BMI 25 or above. 
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(Kinsella and He, 2009).  The number of workers per pensioner has already fallen from over 12 

in 1980 to 2 in 2005.  This sharp demographic transition is likely to place stress on China’s 

health system, which has been focused on disease at younger ages and on infectious, not chronic 

diseases. 

In this paper, we use CHARLS pilot data to document health conditions among the 

elderly in Gansu and Zhejiang provinces, where the survey was fielded.  We use a very rich set 

of health indicators that include both self-reported measures and biomarkers.  We also examine 

correlations between these health outcomes and two important indicators of socio-economic 

status (SES): education and log of per capita expenditure (log pce), our preferred measure of 

household resources.  While there exists a very large literature that examines the relationships 

between SES and health measures, little has been done on Chinese data to see whether 

correlations reported in many other countries are replicated in China, particularly so for the aged.  

While we cannot infer causality from these estimates, they tell us something important about the 

degree of health differentials by education and pce.   

In general education tends to be positively correlated with better health outcomes, as it is 

in other countries.  However, unmeasured community influences turn out to be highly important, 

much more so than one usually finds in other countries.  While it is not yet clear which aspects of 

communities matter and why they matter, we set up an agenda for future research on this topic.  

We also find a large degree of under-diagnosis of hypertension, a major health problems that 

afflicts the aged.  This implies that the current health system is not well prepared to address the 

rapid aging of the Chinese population, at least not in Gansu and Zhejiang. 
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This paper is divided into five sections. The next section briefly introduces the topic, 

Section 3 describes the data in while our main empirical findings are presented in section 4. The 

final section highlights our main conclusions. 

 

2. Health-SES correlations 

 Across most country settings, no matter which measures of SES are used (income, 

wealth or education), the evidence that this association is large and pervasive is abundant 

(Marmot 1999, Smith 1999, Strauss and Thomas, 1998).  

 Mainly due to the absence of high quality data, far less research has been conducted on 

the magnitude and reasons for the SES health gradient in China.  China is about to age very 

rapidly and has at the same time been experiencing high but very unequal rates of economic 

growth. The extent to which this recent economic growth has improved the overall health of the 

Chinese population depends in part on understanding in the Chinese context the influence of 

economic well-being on health. Similarly, the degree to which growing inequalities in levels of 

economic resources in China are producing similarly large inequalities in health requires better 

understanding.  

 Part of the reason for a lack of any substantial research on this topic in the Chinese 

context is that until recently data in China were simply not up to the task or were largely 

unavailable to scholars either inside or outside China. Fortunately, this situation is changing. The 

investigators on this research project have been involved in a key ongoing data collection 

effort― the Chinese Health and Retirement Longitudinal Survey (CHARLS)―that aims to 

remedy this situation. 
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 This paper documents in detail the nature of the SES health gradient in Gansu and 

Zhejiang. The analysis spans many salient measures of health status― including chronic 

conditions, general health status, subjective measures of health, body mass index (BMI), 

hypertension, cognition, and functional measures of disability. In addition to standard measures 

of economic status widely used in other country settings, notably schooling, we examine a 

measure of income, household consumption, which is arguably a much better index of economic 

well being in a country at the level of economic development that China now has, especially in 

more rural regions. 

 The salient nature of the SES-health gradient is not difficult to document. In most 

countries, at each age those in higher income or wealth groups are in much better health. These 

differences are quantitatively large. In the US the fraction reporting excellent health among the 

highest income quartile is 40 percentage points higher than those in the lowest quartile (Smith, 

1999). The health-income gradient widens until around age 50 after which it gradually contracts. 

Similar gradients of this magnitude appear in many other countries so that the US is not unique. 

While there is a broad consensus about the ‘facts’, the interpretation of  underlying forces 

creating a strong SES health gradient and how their relative importance varies across countries 

at different levels of economic development are controversial.  

 A basic question in any country is whether differences in health by SES indicators such 

as education, income, and wealth largely reflect impacts from SES to health. Medical scientists 

often conclude that the dominant pathway is that variation in SES produces large health 

disparities; their main debate is about why lower economic status leads to poor health (Marmot 

1999).  Important insightful contributions by such scholars has involved investigating the 

influence of other factors besides access to high-quality health care or deleterious personal 
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behaviors, both of which are believed to offer incomplete explanations. These contributions 

have emphasized long-term impacts of early childhood or even inter-uterine environmental 

factors (Barker, 1997), the cumulative effects of prolonged exposures to individual stressful 

events (Seeman et al., 1997), or reactions to macro-societal factors such as rising levels of 

income inequality (Wilkinson, 1996).  

 This view that the principal direction of causation flows almost exclusively from SES to 

health has been challenged (Cutler and Lleras-Muney, forthcoming; Lleras-Muney, 2005; 

Smith, 1999; Strauss, 1986, 1993; Strauss and Thomas, 1995, 1998, 2008; Thomas and Strauss, 

1997, Thomas, 2010). The best evidence is in fact that causation goes in both direction, from 

SES to health and health to SES.  

Moreover, many omitted variables determine both health measures and SES.  A good 

example, the subject of much recent research, is health when very young, which appears to 

affect health in older ages, but also SES outcomes such as education and incomes as adults, in 

particular (Barker,1994; Gluckman and Hanson, 2005 ; Hoddinott et al., 2008; and Maluccio et 

al., 2009).   The latter two, experimental, studies, document that nutritional supplements given 

to children before 3 years of age in Guatemala were associated with more completed schooling 

by the time they are adults, as well as higher adult labor force earnings.  And yet, recent careful 

studies such as Lleras-Muney (2005) have established that the influence of SES on health status 

is in part causal. 

  With these caveats, it is still of much interest to examine the health-SES gradients.  As 

discussed, these correlations will also indicate the degree of socio-economic inequalities in 

health outcomes and their relationships to inequality in SES, education and resources in 
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particular.  Income inequality is now of much policy interest.  Health inequality is likely to be of 

policy interest as well in China, as it is in industrial countries. 

 

3. Data and Empirical Specifications 
 

We use the CHARLS pilot data, which is described in detail in Zhao et al. (2009).  

CHARLS was designed after the Health and Retirement Study in the US as a broad-purposed 

social science and health survey of the elderly in Gansu and Zhejiang provinces.  The pilot 

survey was conducted in July-September 2008.  The CHARLS pilot sample is representative of 

people aged 45 and over, and their spouses, living in households in Gansu and Zhejiang 

provinces. 

Zhejiang province is located in the developed coastal region, and Gansu, in the less 

developed western region.  Gansu is the poorest and one of the most rural provinces in China, 

with per capita income less than half of Zhejiang province and 75% of the population being rural. 

On the other hand Zhejiang is one of the most dynamic and richest provinces, with a per capita 

income 50% higher than the Chinese national average.  Zhejiang has not always been so rich, but 

has had much faster economic growth over the past 25 years, with a strong and relatively large 

private sector, based on small-scale industry, and export orientation.   The pilot chose these two 

provinces to get at extremes within China.  The full CHARLS will be national in scope and is 

scheduled to be fielded in spring 2011. 

The CHARLS pilot data represent some major advantages over existing Chinese data.  Many 

Chinese datasets are not publicly available, though they may be available to some with special 

connections.  The Survey of the Aged Population, which started as a cross-sectional survey and 

now has a small panel component, is one example.  The 2002 Nutrition and Health Survey, a 

specialized health survey of the entire population patterned after NHANES, is another. Even if 
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they were made public, both have only very scant economic information (e.g., no consumption, 

poor income, and wealth data) with which to examine SES-health relationships, a problem with 

other data sets. 

The Chinese Longitudinal Healthy Longevity Survey is publicly available.  It began as a 

survey of the oldest old (over 80 years), although younger cohorts have been added in recent 

years.  Yet it, too, is far different from an HRS-style survey, particularly in its lack of economic 

variables such as consumption, income, and wealth.  In addition, there were few biomarkers 

collected in the earlier waves.  Likewise the World Health Organization’s Study on Global 

Aging and Adult Health (SAGE), a series of global surveys on the aged, including one for China, 

is rather light on socio-economic information such as on incomes, wealth, retirement and family 

support. 

Finally, the China Health and Nutrition Survey (CHNS) may be the best known 

household survey on China to the outside world, and has been the workhorse for many scholars.  

However there are important differences from an HRS survey. CHNS is not strictly an aging 

survey, and its sample of elderly is small. Income is also not measured well in CHNS and there 

are no total consumption data (only food consumption).   Moreover, CHARLS has  richer  health 

data, particularly on biomarkers.  Very importantly for this study, CHARLS has available 

numeric codes for primary sampling units, so that community fixed effects regressions may be 

run.  CHNS does not release community codes with its data.   

Hence for our purposes, CHARLS represents a major improvement for the study of 

health-SES relationships of the elderly in China, and it is publicly available!2 

The CHARLS pilot sample was drawn in four stages. In each province, all county-level 

units were stratified by whether they were urban districts (qu) or rural counties (xian), and by 
                                        
2 See http://charls.ccer.edu.cn. 
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region within each classification.  Both urban districts and rural counties can contain both urban 

and rural communities, but the concentration of urban and rural populations is quite different in 

the two.  With a goal of sampling 16 county-level units per province, the number of counties to 

be sampled in each stratum was determined based on population size.  Before the pilot survey, 

the Beijing CHARLS Office first obtained a list of county units and their populations in each of 

the provinces from official statistics.  Counties were randomly selected within each stratum with 

probabilities proportionate to size as measured by population. 

After the county units were chosen, the National Bureau of Statistics helped us to sample 

villages and communities within county units using recently updated village level population 

data.  Our sample used administrative villages (cun) in rural areas and neighborhoods (shequ), 

which comprise one or more former resident committees (juweihui), in urban areas as primary 

sampling units (PSUs). We selected 3 PSUs within each county-level unit, using PPS 

(probabilities proportional to size) sampling. Note that rural counties contain both rural villages 

and urban neighborhoods and it is also possible for urban districts to contain rural administrative 

villages. 

In each PSU, we sampled dwellings from our sample frame.  The frames were 

constructed based on maps prepared by CHARLS advance teams with the support of local 

informants. For rural villages, in many cases the lead persons on the advance teams were able to 

use maps drafted for the agricultural census in 2006 as a starting point and then updated them in 

consultation with local leaders. For urban communities, existing building maps were frequently 

used as the basis for the frame. All buildings in each PSU were numbered, and dwellings within 

each building were listed and coded using standardized methods. The advanced team verified 
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that all buildings in the PSU had been properly identified, and that dwelling units within multi-

dwelling buildings had been correctly coded before choosing the sample of households. 

Once the sampling frame for a PSU was completed and entered into the lead person’s 

computer, a CAPI (computer assisted personal interview) program was used to sample 

households and to conduct the interviews using laptops. The number of households sampled was 

greater than the targeted sample size of 16 households per PSU in anticipation of non-response 

and sampled households’ not having any members aged 45 or older. The number of households 

sampled was 36 in urban PSUs and 30 in rural PSUs.  We interviewed all age-eligible sample 

households in each PSU who were willing to participate in the survey, ultimately interviewing 

1,570 households containing 2,685 respondents aged 45 and over and their spouses.3 

In this paper we use data on all respondents 45 year of age and older,4 some 2,238 

respondents.  Tables and figures are weighted using individual sample weights.5   All figures are 

nonparametric and drawn using LOWESS.  Regressions are run unweighted.  The sampling 

scheme is independent of our health variables (depending only on region and urban/rural area 

within the province) so weights are not needed to correct for any bias from the sampling.  Of 

course refusals can cause bias.  Given that a household participates, virtually all sampled 

respondents do as well for the main questionnaire (Zhao et al., 2009).  For the biomarkers there 

                                        
3 The contact and interview rate was 86% of those households that were chosen to be sampled.  This is much better 
than HRS-type surveys in the US and Europe, which now tend to be in the 60 or even 50 percent range, and 
compares favorably with other surveys done in Asia. 
 
4 Spouses who are under 45 years old are dropped from this analysis. 
 
5 Here we use the sample weights allowing for household non-response using local community dummies to predict 
household nonresponse.  We do not incorporate non-response for the biomarkers in the weights.  The results using 
weights that do so using inverse probability weights (IPW) are similar in nature.  Incorporating non-response with 
IPW requires an assumption of selection on observables, which is very strong and unlikely to be met.  Using more 
standard selection methods is best using exclusion restrictions, which we do not plausibly have. 
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is nonparticipation, but we do not feel that we have any plausible instruments to use methods 

such as inverse probability weighting or more standard selection methods.   

In this paper, the data collected in module C, on health outcomes, and on biomarkers are 

used extensively.  Specifically our health measures include body mass index (BMI), 

hypertension and under-diagnosis of hypertension, activities of daily living (ADLs), instrumental 

activities of daily living (IADLs), the CES-D 10 index of depression, a cognition measure (word 

recall), survival expectations to age 75 (for those aged 65 and under), a general health measure 

and an indicator of current smoking.6 CHARLS also collected dried blood spots, which are being 

analyzed for C-reactive protein and hemoglobin, but those assays have not yet been completed, 

so are not considered in this paper. 

In our regressions we start in column 1 with dummies for age group and education levels 

and a linear spline in log of per capita expenditure.  For the dummies, being age 45-54 and 

having no schooling are the omitted groups.  In addition to life-cycle progression, these age 

dummies will also capture birth year cohort effects. With only a cross-section, we cannot 

distinguish the two.7  

Education may proxy for many factors. Since we are controlling for an income measure, 

education will capture factors over and above income.  These will include allocative efficiency 

effects, which may represent better educated women having better information and their better 

understanding of what health inputs to choose to ensure good health (Schultz, 1984).  Of course 

                                        
6 Heights were measured using a lightweight SECA aluminum height board, the SECA 214 portable stadiometer.  
Weights were measured using a portable digital scale, the Beaver Tech HTS7270.  Blood pressure was taken with a 
digital meter, the Omron HEM 712c meter. 
 
7 Cohort effects would arise because younger birth cohorts have more schooling and also faced better health 
conditions when they were babies and in the fetus, compared to older cohorts.  There is an accumulation of evidence 
now that better health conditions when young are associated with better health in old age (for instance Barker, 1994; 
Gluckman and Hanson, 2005; and Strauss and Thomas, 2008, for an economist’s perspective). 
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education will also be correlated with preferences towards health perhaps in part due to more 

forward looking behavior (Fuchs, 1982).   Since past health (which would be endogenous) is 

correlated with current health and is an omitted variable in our analysis, it may be that past health 

“caused” in part education attainment, so that causation is going in both directions with cross-

sectional data, as we use.8 

For household resources, as noted, we use log of per capita expenditure (log pce) for the 

household.  This is a better measure of long-run resources than is current income, particularly so 

in low-income rural settings, where incomes can vary so much year to year because of weather 

variation, variation in pests, plant diseases, and so on.  PCE includes the value of food 

production which is self-consumed, which ought to be included in income, but may not be in all 

measures of income.  PCE also tends to be measured with less error than income (Deaton, 1997).  

Because income impacts may be highly nonlinear, even when pce is in logs, we use a linear 

spline around the median log pce.9  

Since location dummies are so important to our story, we discuss them in more detail.  In 

our first specification we do not include any location variables, just age, schooling dummies and 

pce.  In our second specification we add dummies for province and rural residence within 

province.10  Clearly this is a coarse definition of location.  The third specification uses a much 

finer definition, the PSU, which amounts to PSU, or community, fixed effects.  We have one 

                                        
8 We tried a specification with interactions between level of schooling dummies and age to help get at causality (see 
Witoelar, Strauss and Sikoki, 2009, for such an exercise for Indonesia), but except for IADLs, these were generally 
not significant. 
 
9 A linear spline allows different slopes to the left and right of the knot point with the two lines being joined at the 
knot point.  The first coefficient reported is the slope to the left of the knot point and the second coefficient is the 
change in the slope between the two knot points.. 
 
10 The rural definition we use in this paper is the National Bureau of Statistics (NBS) definition.  Some of the NBS 
urban  communities are in fact rural in nature and many of their populations are farmers with agricultural hukou. 
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dummy variable for each PSU, minus one of course.  As noted in the discussion of the sampling, 

our PSUs are either administrative villages or urban neighborhoods, there are 92 of them in the 

sample.11  These PSUs are small areas that are likely to be more homogeneous than cities or 

counties, or certainly than province.  The idea here is that each community has factors that will 

affect health outcomes that are not captured by the provincial dummies interacted with rural or 

urban area.  These factors will include health care prices, inherent healthiness of the area, public 

health infrastructure and other factors.  F-tests for all combinations of dummy variables are 

reported as well. 

 Throughout this paper, we use ordinary least squares for continuous dependent variables 

and linear probability model (LP) for binary dependent variables.  LP model estimates are 

consistent for estimating average partial effects of the regressors, which is our main interest.  

Robust standard errors of the regression coefficients are computed, that also allow for clustering 

at the community level.  By using robust standard errors for the linear probability regressions, we 

ensure that these standard error estimates are consistent (Wooldridge, 2002). 

 Table 1 displays unweighted means and standard deviations, clustered at the community 

level, for the variables used in the regressions.12  Mean respondent age is approximately 60 

years, while most respondents are between 45 and 64.  Women tend to be slightly younger on 

average because when they are chosen in the sample as a spouse, not a main respondent, they 

will tend to be younger than their husbands.  Education tends to be low, especially for women, 

                                        
11 In a few cases there was no variation in the dependent variable among observations within the PSU.  In these 
cases we refined the PSU to be a more aggregate area, usually the county or city. 
  
12 Since sample size differs depending on the health measure used, we compute means of the independent variables 
for the ADL sample, which is the largest, at 1,250 men and 1,225 women.  For each dependent variable we use the 
actual regression sample; see the regression tables for sample sizes for each.  Sample sizes will differ because of 
missing observations.  For the biomarkers, such as blood pressure, some 30% of the sample were not measured.  
This can be because the elder person was too frail or a younger aged person was working and not able to be 
measured.  As noted above, this corresponds with the experience of the HRS and related surveys. 
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for whom over 60% have no schooling.  Even for men, nearly half of the sample did not 

complete primary school, though the fractions that did complete primary and junior high school 

and above are much higher for men.  In Gansu, the sample is two-thirds rural, while in Zhejiang 

just over half are urban.   

 

3. Results 
 
BMI 
 We first examine body mass index (BMI), which is measured as weight (in kg) divided 

by height squared (in meters).  Extreme values of BMI may be related to hypertension, diabetes 

and in general to higher adult mortality (Waaler, 1984).  Across countries, the BMI distribution 

is shifted to the right for countries with higher incomes.  Figure 1, which is reproduced from 

Strauss and Thomas (2008), demonstrates this, showing nonparametric relationships between 

BMI and years of schooling, for men and women aged 25-70 from 6 countries, ranging in GDP 

from Bangladesh to the United States.13  China as of 1991 is included among these six countries 

and is closest in its BMI distribution to Indonesia.  Note that for men, except in the US, BMI 

rises with more education.  For women the story is quite different.  Again, the US excepting and 

also for low levels of schooling for women, BMI rises with education, but at higher levels, it 

falls.  Bangladesh is an exception, BMI rises with female schooling, probably because women 

are still so close to levels of undernutrition.  In the other developing countries, including China, 

the inverted U-shape relation is apparent.  It may be that at higher levels of female schooling, 

women recognize the health benefits of reducing their BMI.  Why not men is a key question for 

future research. 
                                        
13 The sources are the Matlab Health and Socioeconomic Survey, 1996; the  China Health and Nutrition Survey, 
1991; the Indonesia Family Life Survey, 2000; the South African Demographic Health Survey, 1998; the Mexican 
Family Life Survey, 2002 and the NHANES3 (National Health and Nutrition Examination Survey III), 1988-1994. 
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 Table 2 shows mean BMI by age and sex group, as well as the fraction undernourished 

and overweight in each group. Overall 33% of women are overweight compared to 22% of men.    

The fact that a higher fraction of women are overweight compared to men is a common result 

found in many other countries (see Straus and Thomas, 2008).  Nearly 40% of women aged 55-

64 are overweight, although one has to be careful because with a cross-section it is not possible 

to distinguish age from birth cohort effects.  BMI tends to fall with age, though again, this most 

likely represents birth cohort effects as well.  The proportions that are overweight compare quite 

closely with the elderly in Indonesia (see Witoelar et al., 2009).  Note too that underweight is 

still a problem, and particularly so for the very elderly, those 75 years and over, for whom 

approximately 20% are underweight. 

 Figure 2 displays a nonparametric locally-weighted scatterplot (LOWESS) regression 

plot of BMI against own education with the CHARLS data.14  The plot mimics Figure 1 closely.  

For men, BMI rises monotonically with levels of education, while women have an inverted U-

shape pattern.  If we examine the prevalence of underweight and own education the relationship 

is monotonically negative for women and U-shaped for men (figure available upon request).  For 

overweight, the relationship is very similar to that for mean BMI. 

 Table 3 presents selected BMI regressions for men and women.  BMI declines for men 

over 65 years and women over 75, which could be an age or a birth cohort effect.  Own 

education is not statistically significantly correlated (at standard levels)15 with BMI for men, 

though it is positively correlated for women.  For women education coefficients display the 

inverted-U pattern seen in Figure 1. The coefficients are positive though not significant at 

                                        
14 All figures use a bandwidth of .75. 
15 We use standard levels of significance to mean a probability value of .05 or less. 
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standard levels for can read and write, and rise in magnitude and become significant for 

completed primary, but then fall to near zero for junior high and above.  

PCE is strongly, positively related to BMI for men, with p-values less than .05 in all 

cases, and less than .001 except for when community fixed effects are added.  For women, pce is 

only weakly related to BMI.  Notice that for men and women, the coefficient on pce for low 

levels drops roughly in half once community fixed effects are added.  This is a pattern that we 

will see consistently throughout these results.  Evidently something about the community is 

strongly correlated with household pce.  Rural and province rural/urban dummies are significant 

for both men and women, as are the community dummies in the community fixed effect 

models.16 17 

Hypertension and its under-diagnosis 

 Respondents who had biomarker measurements were measured three times for blood 

pressure.  We take the mean of systolic and diastolic measurements separately and then form a 

variable for being hypertensive if the mean systolic is 140 or greater or the mean diastolic is 90 

or greater. These are the conventional cutoffs for high blood pressure, or hypertension.  Also 

persons who report that they have been diagnosed with hypertension by a doctor are classified as 

hypertensive, including those who take medications for hypertension.18  Figure 3 shows that 

                                        
16 With community fixed effects, testing the joint significance of the community dummies is not straightforward.  
Because there are in our case few observations per cluster, we cannot cluster the standard errors after estimation 
using community fixed effects and use an F-test to test for the joint significance of clusters (Wooldridge, personal 
communication).  To test the community dummies we reestimate the model with community dummies and just 
robust standard errors, without clustering, and do the F-test. 
 
17 It could be that the significance of the community dummy variables represents the impact of province and 
rural/urban location.  This is not the case for our results.  When we stratify the sample by the two provinces and run 
separate regressions for each province using community fixed effects within each province, the community dummies 
are still generally significant.  Results are available upon request. 
 
18 Because of the way the questionnaire is designed, those who report taking medicines are a subset of those who 
report a positive doctor diagnosis. 
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women are more prone to be hypertensive than are men at all ages, and that hypertension is 

strongly increasing with age for both genders.   Overall almost half of women and 40% of men 

over 45 years are measured to have hypertension, but among those over 75, almost 2/3 of men 

and over ¾ of women are hypertensive. 

 Table 4 displays the regressions predicting being hypertensive for men and women 

respectively.  For men and women, only age and community dummies are significantly related to 

hypertension.  There are no schooling or income effects.  It is a bit surprising perhaps that 

hypertension is not related to SES in the CHARLS data.  It turns out the same is true for the 

IFLS data for Indonesia.  Both contrast to the US and England where studies have shown a 

negative correlation between education and hypertension (Banks et al., 2006). 

 Hypertension turns out to be a good example of the high degree of under-diagnosis of 

disease among the elderly in Gansu and Zhejiang.  In addition to taking actual measurements of 

blood pressure, each respondent was asked if a doctor has diagnosed them with a series of 

chronic diseases or conditions, including hypertension.  Hypertension is the most prevalent of the 

conditions that respondents report having been diagnosed, at over 25% for women and over 20% 

for men.  If a respondent answers yes, we ask a series of follow-up questions including whether 

they are currently taking medications.  Respondents who are taking medications may not 

measure above the hypertensive diagnostic threshold if the medication is working well.  To 

arrive at a complete list of people who are hypertensive, we add to those whom we measure as 

hypertensive, those who report being diagnosed by a doctor but whom we did not measure as 

being hypertensive.  We then calculate the proportion of those who are hypertensive who report 

not being diagnosed.    
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Our results are shown in Table 5.  Some 47% of men and 42% of women are estimated to 

be under-diagnosed by this method.  This seems quite large, although estimates for Indonesia are 

much higher, 74% for men and 62% for women (Witoelar et al., 2009) and estimates for Mexico  

from the Mexican Family Life Survey are also high (see Parker, Teruel and Rubalcava, 2010).  

One interpretation is that the health system in China, at least in Zhejiang and Gansu, are not yet 

set up to focus on chronic conditions of the elderly, perhaps because the emphasis is on 

infectious disease and on children and mothers.  Additional research will be required to examine 

this issue more properly.   

In addition to undiagnosed disease, another key health issue is good adherence to 

treatment when the disease is diagnosed (Goldman and Smith, 2002).  Table 5 also shows that 

71% of men and 80% of women who have hypertension by our definition, and report having 

been diagnosed, are taking medications.  Thus conditional on being diagnosed a preponderance 

of respondents are taking medications.  However, those who are undiagnosed are not. 

 In Table 6, using the sample of men and women who have measured or self-reported 

diagnosis of hypertension, we regress a dummy of not being diagnosed on the same set of 

covariates used in the other regressions.  For men, being over 55 makes it less likely to be under-

diagnosed.  Having junior high school or more education is negatively related to under-diagnosis 

and weakly significant (at the 10% level), although the education dummies jointly, are not 

significant.  PCE is not significant either. These results imply that personal attributes appear not 

to be the principal drivers of undiagnosed disease. 

The community fixed effects and province-rural/urban dummies are, however, strongly 

jointly significant.  For women, however, the education dummies are negatively related to under-

diagnosis and are jointly significant in all specifications except when we add the community 



20 
 

fixed effects.  Again, as for men, community dummies are jointly significant at standard levels of 

statistical significance.  These strong community effects imply that is something about the 

community that is driving the degree of under-diagnosis, though in the case of women, having 

more education makes under-diagnosis of hypertension less likely.  This is arguably an allocative 

efficiency effect of schooling on health probably due to better educated women going to the 

doctor more often, because they have the health knowledge to do so (see for instance, Schultz, 

1984; Thomas et al., 1991), though we cannot test that directly. 

 

ADLs and IADLs 

 Some 8.7% of men and 12% of women report having trouble with at least one activity of 

daily living (ADL) and 17.8% of men and 31.3% of women report having difficulty with at least 

one instrumental activity of daily living (IADL). 19  Not surprisingly, these proportions rise 

strongly with age.  Figures 4 and 5 display non-parametrically by education level, the average 

number of ADLs and IADLs that men and women report having difficulties in performing.  For 

both ADLs and IADLs, the mean number that respondents have difficulty with declines with 

higher schooling. 

 Regressions for the number of ADLs and IADLs that men and women report having 

difficulties in performing are reported in Tables 7 and 8.  For both men and women, age group 

dummies are significant for both ADLs and IADLs.  Respondents in Gansu, the poor rural 

province, report more .2 extra ADLs with which they have trouble.   

                                        
19 Our physical activities and ADL assessments include:  walking for 100 meters; stooping, kneeling, crouching; 
extending arms above shoulder level; lifting weights like a heavy bag of groceries; picking up a small coin from a 
table; climbing several flights of stairs without help, to stand from sitting position without help, dressing without 
help; bathing or showering; cutting food and eating; going to the bathroom without help (including sitting down and 
getting up); controlling urination and defication; and getting into and out of bed.  The IADL assessments are having 
difficulties with doing household chores; preparing hot meals; shopping for groceries; managing money; making 
phone calls (if they have a phone) and taking medications. 
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Once again, community dummies are jointly significant.  Interestingly education and pce 

are not significant for either men or women for ADLs.  For IADLs the results are quite different.  

Now education and pce are both significantly correlated, negatively with the number of IADLs.  

In the case of men, a little bit of schooling (knowing how to read or write, but less than 

completing primary school) is enough to get this impact; more schooling than that does not add 

any more protection.  For women, schooling levels above knowing how to read or write is a bit 

helpful, but not much. Once again the big jump is for knowing how to read and write.  PCE is 

negative and significant and is apparently linear in its relationship.  However, once the 

community fixed effects are added, these coefficients fall in half and are no longer significant for 

men, and barely so for women. 

 

Depression 

 As a measure of mental health, respondents were administered a self-reported depression 

scale from the short 10 question version of the CES-D (Center for Epidemiological Studies-

Depression) scale, one of the major international scales of depression used in general 

populations.  Higher scores on the CES-D scale indicate a greater likelihood of having 

depression.20  While some recent studies have failed to find a relationship between depression 

and education or income (see Das, Do, Friedman, McKenzie and Scott, 2007, for a review of 

several recent studies sponsored by the World Bank), other studies have found negative 

correlations between education or income and CES-D scores (for example, Patel and Kleinman, 

2003, and Lee and Smith, 2008).  Of course at least for income, these studies may not show 

                                        
20 The answers for CES-D are on a four-scale metric, from rarely, to some days (1-2 days), to occasionally (3-4 
days) to most of the time (5-7 days).   We score these answers in the way suggested by the US National Institute of 
Mental Health researcher (Lenore Radloff)  who created the CES-D, using numbers from 0 for rarely to 3 for most 
of the time, for negative questions such as do you feel sad.  For positive questions do you feel happy, the scoring is 
reversed from 0 for most of the time to 3 for rarely. 
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causality, which can run in both directions.  However, Friedman and Thomas (2008) using a 

difference in difference approach with IFLS data find that the economic crisis fueled depression 

indicators in Indonesia, especially for the more vulnerable population. 

 Figure 6 displays a nonparametric regression between the CES-D score and age, for both 

men and women.  As one can see, women have higher scores, indicating more depressive 

symptoms, but the male-female gap narrows at older ages. 

 Table 9 contains regression results for men and women where the outcome is the CES-D 

10 score.  Education dummies are jointly significant for women, but not for men.  Having a 

junior high school level education is associated with a lower CES-D score by over 2.4-3 points 

for women, a considerable amount relative to one standard deviation, 0.38.  PCE is also 

associated with lower CES-D scores for both men and women, and the impact is concave, being 

reduced at higher levels of pce.  However, the impact of pce goes away when the community 

fixed effects are added.  The community fixed effects are strongly significant.  The SES results 

are quite similar to the Indonesia results from IFLS of Witoelar et al. (2009) and suggest that in 

Gansu and Zhejiang, depressive symptoms are strongly correlated with schooling and less so 

with income. 

Cognition—Word recall 

 Cognition has been found to be an important issue among the elderly (see McArdle, 

Fisher and Kadlec, 2007).  We use immediate and delayed word recall as our cognitive measure, 

namely the episodic memory measure.  In CHARLS, like HRS, respondents are read a list of ten 

simple nouns and they are immediately asked to repeat as many as they can, in any order.  After 

answering the 10 CES-D questions, plus some additional cognition questions on subtraction, 

maybe ten minutes later, respondents are then asked again to repeat as many words as they can. 
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We use the average number of correctly immediate and delayed recalled words as our memory 

measure (see McArdle, Smith and Willis, 2009). 

 Figure 7 displays the mean number of words recalled by men and women, by age.  Word 

recall declines in a concave manner with age, with a steeper decline at older ages.  Some of this 

shape may also be caused by schooling being negatively correlated with age; regressions will 

thus be important to retrieve multivariate correlations.  Men are better able to recall than women, 

which could be a function in part, of having more education.  Indeed, in Table 10 the SES 

coefficients are positively correlated with word recall and strongly significant in almost all cases.  

Age dummies are significantly negatively correlated with word recall.  Education at the junior 

high or above level for men is associated with 1.5 more words recalled, for women the marginal 

effect is quite similar.  PCE is also highly correlated with word recall, although the direction of 

causality is much less clear.  It is also the case for women that this correlation disappears when 

community fixed effects are added.  The community dummies are jointly significant for both 

men and women.  These results are consistent with the results of McArdle et al., 2009, for the 

HRS data where word recall is highly correlated with educational attainment. 

Survival expectations 

 In CHARLS, as in the HRS, we ask respondents about the chances that they will live to a 

particular age.  Respondents answer on a 5 point scale, from 1 which means almost no chance, to 

5 which means virtual certainty.  We do not ask probabilities directly since our pretest 

experience, and experience in other low-income countries indicated a real difficulty for 

respondents to understand probabilities.  Experience with HRS and other aging surveys has 

shown that answers to this question are highly correlated with survival to subsequent waves (for 

example see Banks et al., 2009). 
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The future age about which each respondent is asked depends on their current age, older 

respondents are asked about survival to older ages.  That raises an issue that answers across 

respondents asked about different ages may not correspond well.  Here we take respondents 

under age 65, all of whom were asked about survival to age 75, so that this issue does not arise.  

We construct our dependent variable to indicate whether the respondent thinks it is not very 

likely, or almost impossible, to reach age 75; the two lowest scores.   Figure 8 displays the 

results by level of education.  Overall, roughly 20% of men and women consider their chances to 

reach age 75 to be not very likely or nearly impossible.  When we look by education, we see that 

for illiterate men and women 30% believe their chances of survival to age 75 are very unlikely or 

near impossible, but that declines to 10% of women and 20% of men with junior high education 

and above.  Interestingly, women with low levels of schooling do not appear to understand that 

their (unconditional) older age mortality is lower than for men, although women with junior high 

school or more education apparently do. 

Regression results are displayed in Table 11.  For men, higher education is associated 

with a higher chance of survival, but the correlation is strongest for men with primary schooling, 

not junior high and above.  PCE is positively related to survival expectations, but only until we 

add the regional dummies or community fixed effects, in which case the coefficient magnitudes 

drop towards zero and their significance disappears.  For women, there are stronger education 

correlations than for men, which are mitigated when regional or community fixed effects are 

added.  In those specifications, it is only having junior high school or greater schooling that 

matters.  PCE also dissipates in its regression coefficient as regional or community fixed effects 

are added.  Community dummies are jointly highly significant for both men and women. 

General health 
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 CHARLS followed the HRS example and asked respondents to assess their general health 

using two different scales: excellent, very good, good, fair, poor and very good, good, fair, poor, 

very poor.  One was asked at the start of the health section, section CA, and one at the end of that 

section.  Whether a respondent was asked one or the other first was determined randomly by 

CAPI.  Here we use the excellent, very good, good, fair, poor scale.  We look at whether 

respondents report poor health, as our variable of interest.  About 19% of men and 27% of 

women report that they are in poor health.  The fraction of respondents reporting fair health is 

quite high, 40%.  This is one reason why we do not combine fair and poor health as is done often 

in US studies.  Apparently “fair” translates in Chinese to a word which is very commonly 

answered. 

 Figure 9 shows the bivariate relationship with education.  As expected, better educated 

men and women report less being in poor health.  The male-female differences narrow with the 

by education results because at each level of education, men are older than women. 

 Table 12 shows regression results for men and women.  For men, education is not 

significantly related to reporting being in poor health, but pce is, negatively.  The pce relation is 

non-linear, with pce making most if its difference at higher levels of pce.  Note, once again, that 

when province-rural/urban dummies are added, or when community fixed effects are used, that 

the pce coefficients move towards zero and are not significant.   

For women, the pce results are qualitatively similar to the male results.  Education 

dummies are now significant, being negatively correlated with reporting being in poor health.  

However, when the province or community dummies are added only the junior high or above 

retains its significant correlation, and the coefficients collapse with both province-urban/rural 

dummies and community fixed effects significant.  Respondents living in Gansu province are 
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much more likely to report being in poor health.  Some of this Gansu effect could represent 

different subjective scales being used in Gansu than in Zhejiang.  But it is more than a Gansu 

effect, because when the community fixed effect specification is run by province, the community 

dummies are jointly significant within the Gansu regression.  That means that there is 

considerable heterogeneity within Gansu but across communities in the propensity to report 

being in bad health. 

 

Smoking 

 There is one health input that we examine in this paper, smoking.  As in other Asian 

countries, smoking is a male issue (for evidence in China see Lance et al., 2004 and Kenkel 

et al., 2009, which find that cigarette demand is price inelastic). 21 22  In Figure 10 we plot non-

parametrically both the proportions who ever smoked and who are currently smoking, by age, for 

men.  Overall, 52% of men report currently smoking.  There is a small downward trend in ever 

smoking by age, which must represent a birth cohort effect.  However the vertical distance 

between ever and current smoking is growing by age, which indicates that there is quitting going 

on at older ages.  It is also likely that a larger proportion of the smoking old have died than of the 

non-smoking old, which could cause this pattern.  

 Table 13 shows regression results for current and ever smoking for men.  For ever 

smoking, we use only the age (birth cohort) and education dummies.  Since factors apparent 

when the respondent was young are the ones that would be most correlated with ever smoking, 

we drop income variables and community or province dummies based on current residence.  The 

                                        
21 Only 2% of women report that they currently smoke. 
 
22 Here smoking is defined as smoking cigarettes or cigars.  Current smoking prevalence for older men in CHARLS 
is quite close to rates of 55% reported from the China Health and Nutrition Survey (CHNS), for other provinces; see 
Kenkel et al. (2009).  The CHNS rates are for all adult ages. 
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education coefficients are positively correlated with ever smoking, but they are not significant at 

standard levels.  Older cohorts are less likely to have ever smoked.  This could also represent a 

mortality selection effect, as it may be that older smokers died prior to the CHARLS pilot 

survey.  There is no relation between current smoking and education, but pce does have a 

positive one with higher income men are more likely to be smokers. At low levels of economic 

development, smoking and income are often positively correlated, but this reverses at high levels 

of development.  The province-rural/urban dummies make no difference, but the community 

dummies do. Once again there is variation between communities and within province that is 

important. 

 

4. Conclusions 

 This paper has presented estimates of the health-SES gradient in Gansu and Zhejiang 

provinces, China using multiple measures of health and of SES.  China has undergone a 

significant health and nutrition transition such that under-nutrition is very much less of a problem 

for the elderly than it had been in the past and over-nutrition has become much more of an issue.  

In Zhejiang and Gansu provinces, where the CHARLS pilot was fielded, health conditions of the 

elderly, such as having difficulties with ADLs and IADLs, having depressive symptoms, word 

recall cognition and general health are all correlated with education, especially for women and to 

some degree for men as well; with better education being associated with better health outcomes.  

On the other hand, BMI is positively correlated with income and with education for men, while 

for women education has an inverted-U relationship with BMI.  The latter may be consistent 

with the hypothesis that women are more likely than men to understand the relationships 

between BMI and future health problems, but this will require more research.  The correlations 
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of health measures with income, as measured by percapita expenditure, are more mixed.  On the 

one hand, pce is positively correlated with some health measures, such as BMI, IADLs, word 

recall and self-reported general health, but many times that correlation shrinks and becomes 

insignificant when community dummies at the primary sampling unit (PSU) level are entered 

into the regressions. 

One of the most important findings in this analysis is the apparent importance of regional 

and community factors.  What exactly lies behind this is not yet clear and needs to be the subject 

of future research.  From economic theory there are a number of factors that should be part of the 

story.  Prices of health inputs is surely one such factor, as should be the availability and quality 

of health care services.  Public health infrastructure should be another such factor, as should the 

inherent healthiness of a community due to factors like water, sanitation and air quality.  

Different and changing food or diet preferences are also no doubt related to these findings.  

Given the strength of the relationships, however, it may well be that there are other community 

influences that are important, perhaps including factors that related to social interaction and 

stress, that are particularly important in Gansu and Zhejiang.  However at this point, all of these 

hypotheses represent speculation. 

The other important finding in this research is the large-scale under-diagnosis of 

hypertension, which is correlated positively with education, at least for women and with 

community location for both men and women.  This represents a major health system gap and 

one which is probably more serious for other, less prevalent, chronic conditions of the elderly.  

This problem is certainly not unique to Gansu and Zhejiang and seems to exist in other countries 

that are still in the midst of the health transition from infectious to chronic diseases.  Health 

systems in such health transition countries apparently take time to re-orient their systems to 
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diagnose and treat chronic diseases of the aging and aged.  This is an important step that the 

health systems in Gansu and Zhejiang will need to work out in the future. 
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Figure 1 
Relationship Between BMI and Education in Selected Countries 
 

 
Reproduced from Strauss and Thomas (2008).  
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Table 1. Means and Standard Deviations of Regression Variables 

 Men  Women 
 Mean SD  Mean SD 

BMI 22.3 0.15  23.6 0.15 
CES-D 10 7.5 0.26  8.7 0.38 

Number of words recalled 3.6 0.07  3.3 0.09 
''Not very likely'' or ''almost impossible'' to 

reach 75 0.25 0.026  0.26 0.026 

Hypertension 0.38 0.018  0.49 0.019 
Under-diagnosis of hypertension 0.49 0.028  0.42 0.026 

Poor general health 0.22 0.016  0.30 0.020 
Number of difficulties in ADLs 0.23 0.027  0.29 0.031 
Number of difficulties in IADLs 0.48 0.046  0.84 0.082 

Age 60.4 0.34  59.5 0.35 
Aged 45-54 0.35 0.015  0.40 0.015 
Aged 55-64 0.33 0.015  0.33 0.014 
Aged 65-74 0.22 0.014  0.18 0.011 
Aged 75+ 0.09 0.009  0.09 0.009 
Illiterate 0.26 0.016  0.62 0.027 

Can read or write 0.23 0.015  0.14 0.013 
Finished primary 0.23 0.013  0.11 0.012 

Junior high or above 0.28 0.019  0.13 0.015 
Log PCE 8.4 0.06  8.4 0.06 

Rural Gansu 0.33 0.051  0.30 0.049 
Urban Gansu 0.14 0.035  0.17 0.039 

Rural Zhejiang 0.25 0.048  0.24 0.047 
Urban Zhejiang 0.28 0.049  0.29 0.051 

Note: the means are unweighted and the standard deviations are clustered at the community level. 
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Table 2. BMI, by age and sex  

  Men Women 

  BMI 
Mean 

% BMI 
<18.5 

% BMI 
>=25.0 N BMI 

Mean 
% BMI 
<18.5 

% BMI 
>=25.0 N 

22.8 5.4 26.4 334 23.7 4.7 35.3 371 45-54 
(0.2) (1.7) (3.7)   (0.2) (1.3) (2.9)   
22.8 3.4 23.9 317 23.9 5.0 39.2 305 55-64 (0.2) (1.2) (3.0)   (0.2) (1.3) (3.2)   
21.5 9.3 14.4 203 23.3 10.7 29.2 169 65-74 (0.3) (2.3) (3.3)   (0.3) (2.6) (4.0)   
21.2 17.2 10.3 66 21.8 21.6 12.8 74 75+ (0.4) (5.1) (3.7)   (0.5) (6.1) (4.3)   
22.4 6.5 21.7 920 23.6 7.3 33.6 919 Total 

(45+) (0.2) (1.0) (2.2)   (0.1) (0.9) (1.9)   
Standard errors in parentheses.  
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Table 3. Regressions for BMI 

 
 Men Women 
  (1) (2) (3) (1) (2) (3) 

Aged 55-64 0.163 0.147 0.102 -0.076 -0.089 -0.257 
 (0.215) (0.207) (0.216) (0.281) (0.272)    (0.308) 
Aged 65-74 -0.760*** -0.885*** -1.073*** -0.374 -0.468   -0.597 
 (0.281) (0.279) (0.317) (0.363) (0.357)    (0.405) 
Aged 75 and over -0.827* -0.909* -1.190** -1.733*** -1.790*** -2.004*** 
 (0.486) (0.480) (0.507) (0.501) (0.499) (0.610) 
Can read and write 0.294 0.236 0.294 0.340 0.324 0.012 
 (0.272) (0.274) (0.318) (0.292) (0.301) (0.316) 
Finished primary 0.240 0.159 0.236 1.251*** 1.159** 0.956** 
 (0.278) (0.267) (0.306) (0.442) (0.450) (0.452) 
Junior high and above 0.427 0.236 -0.024 0.130 -0.147 -0.561 
 (0.273) (0.270) (0.308) (0.392) (0.375) (0.416) 
Log pce (< median) 0.491*** 0.410*** 0.267** 0.150 0.145 0.061 
 (0.115) (0.122) (0.122) (0.120) (0.121) (0.120) 
log pce (> median, 
marginal) 0.214 0.143 0.052 0.232 0.254 0.313 

 (0.293) (0.283) (0.326) (0.333) (0.332) (0.346) 
       
Rural Zhejiang  -0.139   0.187  
  (0.299)   (0.336)  
Urban Gansu  1.034***   1.144**  
  (0.350)   (0.438)  
Rural Gansu  -0.603   -0.090  
  (0.395)   (0.428)  
Community FE NO NO YES NO NO YES 
F-test for all age 
dummies 3.94** 5.33*** 6.45*** 4.41*** 4.91*** 3.85** 

(p-value) (0.011) (0.002) (0.001) (0.006) (0.003) (0.012) 
F-test for all education 
dummies 0.83 0.33 0.59 2.66* 2.35* 2.42* 

(p-value) (0.479) (0.801) (0.622) (0.053) (0.077) (0.071) 
F-test for all log pce 
splines 22.79*** 11.68*** 3.94** 2.43* 2.49* 1.11 

(p-value) (0.000) (0.000) (0.023) (0.094) (0.089) (0.333) 
F-test for all location 
dummies  6.33*** 3.85***  2.89** 2.14*** 

(p-value)  (0.001) (0.000)  (0.040) (0.000) 
Observations 917 917 917 918 918 918 
Robust standard errors in parentheses, all clustered at community level. 
* p<.1  ** p<.05  *** p<.01. 
log (>median, marginal) represents the change in the slope from the interval for log pce below the median, 
see footnote 9. 
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Table 4. Regressions for hypertension 
 All Men All Women 
  (1) (2) (3) (1) (2) (3) 
Aged 55-64 0.089** 0.089** 0.096** 0.151*** 0.150*** 0.141*** 
 (0.035) (0.036) (0.039) (0.040) (0.040) (0.044) 
Aged 65-74 0.260*** 0.257*** 0.251*** 0.322*** 0.317*** 0.309*** 
 (0.046) (0.047) (0.050) (0.039) (0.040) (0.045) 
Aged 75 and over 0.355*** 0.355*** 0.347*** 0.416*** 0.415*** 0.410*** 
 (0.055) (0.055) (0.065) (0.050) (0.052) (0.062) 
Can read and write 0.021 0.022 -0.001 0.028 0.029 0.054 
 (0.051) (0.051) (0.057) (0.044) (0.047) (0.050) 
Finished primary 0.005 0.003 -0.013 0.009 0.007 0.023 
 (0.049) (0.048) (0.054) (0.050) (0.051) (0.064) 
Junior high and above 0.043 0.036 0.018 -0.053 -0.062 -0.071 
 (0.043) (0.045) (0.050) (0.057) (0.056) (0.060) 
Log pce (< median) -0.018 -0.018 -0.015 -0.003 -0.003 -0.001 
 (0.035) (0.035) (0.029) (0.018) (0.018) (0.022) 
log pce (> median, 
marginal) 0.059 0.059 0.047 0.047 0.050 0.051 

 (0.063) (0.063) (0.059) (0.046) (0.046) (0.054) 
       
Rural Zhejiang  -0.003   0.028  
  (0.046)   (0.046)  
Urban Gansu  0.043   0.057  
  (0.067)   (0.055)  
Rural Gansu  -0.002   0.009  
  (0.046)   (0.050)  
Community FE NO NO YES NO NO YES 
F-test for all age 
dummies 18.10*** 18.17*** 13.39*** 34.02*** 31.54*** 22.58*** 

(p-value) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) 
F-test for all education 
dummies 0.42 0.31 0.14 0.52 0.64 1.27 

(p-value) (0.737) (0.820) (0.938) (0.672) (0.588) (0.289) 
F-test for all log pce 
splines 0.59 0.54 0.32 0.66 0.76 0.67 

(p-value) (0.556) (0.584) (0.724) (0.517) (0.468) (0.512) 
F-test for all location 
dummies  0.17 1.59***  0.42 1.33** 

(p-value)  (0.917) (0.001)  (0.741) (0.028) 
Observations 927 927 927 928 928 928 
Robust standard errors in parentheses, all clustered at community level. 
* p<.1  ** p<.05  *** p<.01. 
log pce (>median, marginal) represents the change in the slope from the interval for log pce below the 
median, see footnote 9. 
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Table 5. Under-diagnosis of hypertension and percentage taking 
medication or treatment, by age and sex 

  Men Women 
  % N % N 

Under-diagnosis 
47.7 92 41.9 136 45-54 (7.9)   (5.4)   
48.3 124 34.9 163 55-64 (5.9)   (4.9)   
44.1 107 51.2 121 65-74 (6.1)   (5.0)   
45.7 45 41.6 59 75+ (9.9)   (7.7)   
46.6 368 41.7 479 Total (45+) (3.8)   (2.9)   

Percentage taking medication or treatment 
63.4 37 70.4 67 45-54 11.7   7.9   
83.2 50 81.5 91 55-64 (5.3)   (4.2)   
71.2 59 83.7 61 65-74 7.4   (5.8)   
62.6 25 85.5 35 75+ (10.3)   (5.5)   
71.3 171 79.5 254 

Total (45+) (3.6)   (3.1)   
Standard errors in parentheses  
Sample is those measured and diagnosed with hypertension.  
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Table 6. Regressions for the under-diagnosis of hypertension 
 All Men All Women 

  (1) (2) (3) (1) (2) 3) 
Aged 55-64 -0.120* -0.120* -0.165** -0.109* -0.103* -0.063 
 (0.062) (0.061) (0.081) (0.059) (0.058) (0.071) 
Aged 65-74 -0.185** -0.171** -0.201** -0.054 -0.038 -0.021 
 (0.073) (0.071) (0.093) (0.055) (0.055) (0.061) 
Aged 75 and over -0.208** -0.181* -0.146 -0.127 -0.091 -0.054 
 (0.101) (0.101) (0.129) (0.085) (0.084) (0.097) 
Can read and write -0.110 -0.089 -0.073 -0.153*** -0.114** -0.084 
 (0.075) (0.074) (0.090) (0.056) (0.056) (0.065) 
Finished primary -0.050 -0.040 0.003 -0.255*** -0.221*** -0.156 
 (0.066) (0.065) (0.075) (0.074) (0.072) (0.100) 
Junior high and above -0.160* -0.155* -0.178* -0.189** -0.153 -0.064 
 (0.083) (0.086) (0.093) (0.090) (0.093) (0.114) 
log pce (< median) -0.052* -0.029 -0.025 -0.017 -0.005 0.009 
 (0.029) (0.035) (0.049) (0.024) (0.025) (0.033) 
log pce (> median, 
marginal) 0.043 0.085 0.114 0.002 0.016 0.009 

 (0.079) (0.082) (0.089) (0.063) (0.062) (0.079) 
       
Rural Zhejiang  0.071   0.023  
  (0.073)   (0.058)  
Urban Gansu  0.061   -0.005  
  (0.078)   (0.056)  
Rural Gansu  0.224***   0.165***  
  (0.069)   (0.062)  
Community FE NO NO YES NO NO YES 
F-test for all age dummies 2.73** 2.49* 1.98 1.33 1.08 0.28 
(p-value) (0.049) (0.066) (0.123) (0.270) (0.361) (0.836) 
F-test for all education 
dummies 1.37 1.18 1.60 5.40*** 4.05*** 1.08 

(p-value) (0.259) (0.322) (0.194) (0.002) (0.010) (0.361) 
F-test for all log pce 
splines 1.96 0.56 0.89 0.38 0.03 0.12 

(p-value) (0.147) (0.571) (0.416) (0.687) (0.968) (0.887) 
F-test for all location 
dummies  3.82** 1.46**  2.80** 1.41** 

(p-value)  (0.013) (0.024)  (0.045) (0.026) 
Observations 366 366 366 477 477 477 
Robust standard errors in parentheses, all clustered at community level. 
* p<.1  ** p<.05  *** p<.01.  log pce (>median, marginal) represents the change in the slope from the 
interval for log pce below the median, see footnote 9. 
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Table 7. Regressions for the number of difficulties in ADLs 
 All Men All Women 

  (1) (2) (3) (1) (2) (3) 
Aged 55-64 0.152*** 0.149*** 0.178*** 0.074* 0.064 0.050 
 (0.033) (0.033) (0.049) (0.041) (0.041) (0.048) 
Aged 65-74 0.188*** 0.177*** 0.212*** 0.263** 0.268*** 0.269*** 
 (0.059) (0.055) (0.061) (0.101) (0.101) (0.101) 
Aged 75 and over 0.831*** 0.861*** 0.924*** 0.687*** 0.748*** 0.786*** 
 (0.167) (0.163) (0.172) (0.142) (0.135) (0.148) 
Can read and write -0.084 -0.044 -0.013 -0.137** -0.044 -0.015 
 (0.066) (0.065) (0.066) (0.065) (0.066) (0.067) 
Finished primary -0.066 -0.060 -0.039 -0.107* -0.037 -0.027 
 (0.072) (0.072) (0.073) (0.058) (0.058) (0.068) 
Junior high and above -0.055 -0.097 -0.098 -0.106* -0.100 -0.037 
 (0.073) (0.078) (0.092) (0.064) (0.066) (0.085) 
log pce (< median) -0.068 -0.042 -0.052 0.016 0.046 0.043 
 (0.046) (0.048) (0.050) (0.035) (0.033) (0.036) 
log pce (> median, 
marginal) 0.068 0.087 0.101 -0.078 -0.041 -0.042 

 (0.080) (0.079) (0.083) (0.067) (0.064) (0.073) 
       
Rural Zhejiang  0.023   -0.054  
  (0.064)   (0.062)  
Urban Gansu  0.284***   0.187**  
  (0.087)   (0.079)  
Rural Gansu  0.215***   0.356***  
  (0.067)   (0.075)  
Community FE NO NO YES NO NO YES 
F-test for all age dummies 14.69*** 15.67*** 13.60*** 9.84*** 12.24*** 10.80*** 
(p-value) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) 
F-test for all education 
dummies 0.58 0.55 0.61 1.98 0.76 0.08 

(p-value) (0.628) (0.648) (0.612) (0.122) (0.519) (0.972) 
F-test for all log pce 
splines 1.23 0.60 0.76 0.85 1.11 0.78 

(p-value) (0.297) (0.549) (0.472) (0.431) (0.334) (0.462) 
F-test for all location 
dummies  5.28*** 1.26*  15.05*** 1.76*** 

(p-value)  (0.002) (0.052)  (0.000) (0.000) 
Observations 1250 1250 1250 1225 1225 1225 
Robust standard errors in parentheses, all clustered at community level. 
* p<.1  ** p<.05  *** p<.01. 
log pce (>median, marginal) represents the change in the slope from the interval for log pce below the 
median, see footnote 9. 
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Table 8. Regressions for the number of difficulties in IADLs 
 All Men All Women 

  (1) (2) (3) (1) (2) (3) 
Aged 55-64 0.226*** 0.227*** 0.290*** 0.186*** 0.141** 0.135* 
 (0.056) (0.057) (0.081) (0.066) (0.062) (0.074) 
Aged 65-74 0.323*** 0.342*** 0.385*** 0.600*** 0.596*** 0.621*** 
 (0.082) (0.075) (0.086) (0.123) (0.107) (0.110) 
Aged 75 and over 1.506*** 1.601*** 1.681*** 1.261*** 1.467*** 1.412*** 
 (0.245) (0.236) (0.255) (0.254) (0.236) (0.242) 
Can read and write -0.504*** -0.388*** -0.354*** -0.454*** -0.144 -0.112 
 (0.101) (0.095) (0.099) (0.115) (0.109) (0.114) 
Finished primary -0.423*** -0.385*** -0.384*** -0.506*** -0.270*** -0.232** 
 (0.104) (0.097) (0.104) (0.112) (0.081) (0.109) 
Junior high and above -0.423*** -0.488*** -0.460*** -0.525*** -0.511*** -0.406*** 
 (0.098) (0.097) (0.101) (0.112) (0.101) (0.128) 
log pce (< median) -0.146*** -0.055 -0.062 -0.208*** -0.111* -0.119* 
 (0.054) (0.050) (0.049) (0.069) (0.057) (0.065) 
log pce (> median, 
marginal) 0.019 0.084 0.095 -0.063 0.112 0.129 

 (0.092) (0.089) (0.094) (0.130) (0.104) (0.119) 
       
Rural Zhejiang  0.059   0.052  
  (0.075)   (0.074)  
Urban Gansu  0.465***   0.786***  
  (0.114)   (0.138)  
Rural Gansu  0.706***   1.393***  
  (0.088)   (0.101)  
Community FE NO NO YES NO NO YES 
F-test for all age dummies 15.57*** 17.61*** 15.73*** 12.86*** 18.62*** 18.76*** 
(p-value) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) 
F-test for all education 
dummies 8.64*** 8.71*** 7.63*** 9.95*** 9.41*** 3.54** 

(p-value) (0.000) (0.000) (0.000) (0.000) (0.000) (0.018) 
F-test for all log pce 
splines 6.73*** 0.63 0.84 15.31*** 1.98 1.70 

(p-value) (0.002) (0.535) (0.437) (0.000) (0.144) (0.188) 
F-test for all location 
dummies  23.81*** 1.86***  73.84*** 3.90*** 

(p-value)  (0.000) (0.000)  (0.000) (0.000) 
Observations 1167 1167 1167 1118 1118 1118 

Robust standard errors in parentheses, all clustered at community level. 
* p<.1  ** p<.05  *** p<.01. 
log pce (>median, marginal) represents the change in the slope from the interval for log pce below the 
median, see footnote 9. 
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Table 9. Regressions for CES-D 10 
 All Men All Women 
  (1) (2) (3) (1) (2) (3) 
Aged 55-64 0.219 0.220 0.208 0.478 0.403 0.739 
 (0.500) (0.461) (0.470) (0.491) (0.440) (0.482) 
Aged 65-74 0.629 0.801 1.092* 0.201 0.505 0.738 
 (0.566) (0.529) (0.574) (0.607) (0.573) (0.628) 
Aged 75 and over 0.722 1.571 1.771 -0.509 1.024 1.133 
 (0.968) (0.996) (1.091) (0.831) (0.781) (0.868) 
Can read and write -0.669 -0.116 -0.105 -2.401*** -1.112** -0.682 
 (0.610) (0.611) (0.664) (0.556) (0.472) (0.493) 
Finished primary -0.633 -0.464 -0.465 -1.482** -0.367 -0.144 
 (0.579) (0.581) (0.658) (0.565) (0.548) (0.661) 
Junior high and above -0.732 -1.106* -1.015 -3.070*** -3.115*** -2.370*** 
 (0.626) (0.613) (0.720) (0.583) (0.597) (0.703) 
log pce (< median) -1.097** -0.555 -0.582** -1.146*** -0.605* -0.597 
 (0.425) (0.335) (0.291) (0.394) (0.341) (0.439) 
log pce (> median, 
marginal) 0.002 0.284 0.490 0.745 1.027 0.778 

 (0.681) (0.575) (0.573) (0.750) (0.636) (0.716) 
       
Rural Zhejiang  0.206   0.133  
  (0.323)   (0.499)  
Urban Gansu  2.583***   4.436***  
  (0.657)   (0.810)  
Rural Gansu  3.516***   5.616***  
  (0.507)   (0.629)  
Community FE NO NO YES NO NO YES 
F-test for all age dummies 0.48 1.22 1.72 0.54 0.76 1.13 
(p-value) (0.700) (0.308) (0.167) (0.656) (0.517) (0.341) 
F-test for all education 
dummies 0.52 1.74 1.02 10.47*** 9.84*** 4.23*** 

(p-value) (0.670) (0.163) (0.389) (0.000) (0.000) (0.008) 
F-test for all log pce 
splines 13.01*** 2.21 2.30 5.48*** 1.69 0.92 

(p-value) (0.000) (0.115) (0.105) (0.006) (0.191) (0.400) 
F-test for all location 
dummies  19.68*** 2.15***  36.90*** 4.04*** 

(p-value)  (0.000) (0.000)  (0.000) (0.000) 
Observations 962 962 962 882 882 882 
Robust standard errors in parentheses, all clustered at community level. 
* p<.1  ** p<.05  *** p<.01. 
log pce (>median, marginal) represents the change in the slope from the interval for log pce below the 
median, see footnote 9. 
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Table 10. Regressions for number of words recalled 
 All Men All Women 

  (1) (2) (3) (1) (2) (3) 
Aged 55-64 -0.106 -0.115 -0.201 -0.208* -0.211* -0.259* 
 (0.147) (0.145) (0.164) (0.111) (0.111) (0.132) 
Aged 65-74 -0.557*** -0.567*** -0.654*** -0.593*** -0.671*** -0.683***
 (0.131) (0.126) (0.133) (0.173) (0.175) (0.219) 
Aged 75 and over -1.241*** -1.284*** -1.288*** -1.399*** -1.572*** -1.726*** 
 (0.251) (0.245) (0.247) (0.285) (0.279) (0.351) 
Can read and write 0.580*** 0.615*** 0.675*** 0.590*** 0.451*** 0.348* 
 (0.162) (0.166) (0.178) (0.161) (0.158) (0.189) 
Finished primary 0.765*** 0.793*** 0.875*** 0.823*** 0.659*** 0.628*** 
 (0.149) (0.147) (0.170) (0.169) (0.159) (0.198) 
Junior high and above 1.406*** 1.405*** 1.402*** 1.738*** 1.614*** 1.476*** 
 (0.157) (0.154) (0.171) (0.171) (0.169) (0.223) 
log pce (< median) 0.285*** 0.266*** 0.277*** 0.214** 0.121 0.022 
 (0.088) (0.078) (0.086) (0.099) (0.093) (0.122) 
log pce (> median, 
marginal) -0.088 -0.158 -0.256 0.146 0.148 0.183 

 (0.165) (0.169) (0.188) (0.203) (0.194) (0.223) 
       
Rural Zhejiang  -0.538***   -0.073  
  (0.195)   (0.165)  
Urban Gansu  -0.195   -0.048  
  (0.197)   (0.168)  
Rural Gansu  -0.380**   -0.720***  
  (0.181)   (0.184)  
Community FE NO NO YES NO NO YES 
F-test for all age dummies 12.30*** 14.02*** 15.38*** 9.78*** 12.67*** 9.48*** 
(p-value) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) 
F-test for all education 
dummies 26.42*** 27.46*** 23.06*** 35.00*** 30.48*** 14.79*** 

(p-value) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) 
F-test for all log pce 
splines 10.16*** 7.94*** 6.11*** 10.34*** 4.52** 1.22 

(p-value) (0.000) (0.001) (0.003) (0.000) (0.013) (0.301) 
F-test for all location 
dummies  2.80** 2.73***  6.75*** 3.02*** 

(p-value)  (0.044) (0.000)  (0.000) (0.000) 
Observations 852 852 852 765 765 765 
Robust standard errors in parentheses, all clustered at community level. 
* p<.1  ** p<.05  *** p<.01. 
log pce (>median, marginal) represents the change in the slope from the interval for log pce below the 
median see footnote 9. 
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Table 11. Regressions for "not very likely" or "almost impossible" to reach 75 
 All Men under 65 All Women under 65 

  (1) (2) (3) (2) (4) (5) 
Aged 55-64 -0.001 0.004 0.015 0.054 0.050 0.052 
 (0.034) (0.029) (0.031) (0.033) (0.030) (0.031) 
Can read and write -0.098* -0.056 -0.052 -0.111** -0.027 -0.036 
 (0.054) (0.048) (0.051) (0.050) (0.047) (0.048) 
Finished primary -0.143*** -0.140*** -0.124** -0.113** -0.039 -0.078 
 (0.053) (0.049) (0.053) (0.049) (0.045) (0.050) 
Junior high and above -0.045 -0.086 -0.066 -0.133*** -0.100** -0.154*** 
 (0.059) (0.053) (0.061) (0.045) (0.043) (0.051) 
log pce (< median) -0.169*** -0.071 -0.065 -0.102*** -0.043** -0.045** 
 (0.047) (0.049) (0.052) (0.019) (0.020) (0.020) 
log pce (> median, 
marginal) 0.119* 0.078 0.070 0.043 0.036 0.019 

 (0.064) (0.065) (0.068) (0.044) (0.038) (0.041) 
       
Rural Zhejiang  -0.019   0.013  
  (0.041)   (0.037)  
Urban Gansu  0.173***   0.154**  
  (0.059)   (0.060)  
Rural Gansu  0.292***   0.353***  
  (0.048)   (0.057)  
Community FE NO NO YES NO NO YES 
F-test for all education 
dummies 3.33** 2.95** 1.95 3.57** 1.81 3.24** 

(p-value) (0.023) (0.037) (0.127) (0.017) (0.151) (0.026) 
F-test for all log pce 
splines 9.44*** 1.04 0.79 20.95*** 2.56* 3.51** 

(p-value) (0.000) (0.358) (0.459) (0.000) (0.083) (0.034) 
F-test for all location 
dummies  15.29*** 2.67***  15.23*** 3.25*** 

(p-value)  (0.000) (0.000)  (0.000) (0.000) 
Observations 709 709 709 757 757 757 
Robust standard errors in parentheses, all clustered at community level. 
* p<.1  ** p<.05  *** p<.01. 
log pce (>median, marginal) represents the change in the slope from the interval for log pce below the 
median, see footnote 9. 
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Table 12. Regressions for reported poor general health 
 Men Women 

  (1) (2) (3) (1) (2) (3) 
Aged 55-64 0.109*** 0.110*** 0.119*** 0.064** 0.059* 0.070** 
 (0.029) (0.029) (0.031) (0.031) (0.031) (0.034) 
Aged 65-74 0.139*** 0.146*** 0.161*** 0.023 0.033 0.038 
 (0.034) (0.034) (0.038) (0.038) (0.035) (0.039) 
Aged 75 and over 0.164*** 0.200*** 0.202*** 0.033 0.081 0.081 
 (0.056) (0.059) (0.061) (0.049) (0.050) (0.052) 
Can read and write -0.034 -0.007 0.007 -0.117*** -0.054 -0.018 
 (0.033) (0.033) (0.036) (0.035) (0.033) (0.035) 
Finished primary -0.067** -0.059* -0.038 -0.077* -0.018 -0.005 
 (0.034) (0.035) (0.038) (0.040) (0.038) (0.043) 
Junior high and above -0.042 -0.056 -0.032 -0.193*** -0.163*** -0.163*** 
 (0.034) (0.037) (0.043) (0.040) (0.041) (0.048) 
log pce (< median) -0.025 0.001 0.012 -0.054*** -0.033** -0.037** 
 (0.028) (0.029) (0.031) (0.017) (0.016) (0.016) 
log pce (> median, 
marginal) -0.047 -0.026 -0.044 0.030 0.055 0.078* 

 (0.047) (0.046) (0.048) (0.042) (0.041) (0.040) 
       
Rural Zhejiang  0.045   0.033  
  (0.030)   (0.050)  
Urban Gansu  0.124***   0.111*  
  (0.043)   (0.045)  
Rural Gansu  0.193***   0.268***  
  (0.031)   (0.040)  
Community FE NO NO YES NO NO YES 
F-test for all age dummies  8.45*** 9.48*** 8.84*** 1.39 1.67 1.88 
(p-value) (0.000) (0.000) (0.000) (0.252) (0.179) (0.138) 
F-test for all education 
dummies 1.34 1.66 0.77 8.49*** 5.61*** 4.13*** 

(p-value) (0.267) (0.180) (0.513) (0.000) (0.001) (0.009) 
F-test for all log pce 
splines 6.19*** 0.53 0.70 6.13*** 2.24 3.17** 

(p-value) (0.003) (0.591) (0.499) (0.003) (0.113) (0.046) 
F-test for all location 
dummies  13.55*** 1.50***  18.03*** 2.31*** 

(p-value)  (0.000) (0.004)  (0.000) (0.000) 
Observations 1108 1108 1108 1120 1120 1120 
Robust standard errors in parentheses all clustered at community level. 
* p<.1  ** p<.05  *** p<.01. 
log pce (>median, marginal) represents the change in the slope from the interval for log pce below the 
median, see footnote 9. 
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Table 13. Regressions for smoking: Men 
                                  current smoking 

  Ever 
smoking (1) (2) (3)   

Aged 55-64 -0.050 -0.089** -0.088** -0.077**   
 (0.033) (0.037) (0.037) (0.038)   

Aged 65-74 0.129*** -
0.206*** -0.204*** -0.206***   

 (0.045) (0.046) (0.046) (0.050)   
Aged 75 and over -0.146** -0.296*** -0.298*** -0.270***   
 (0.059) (0.057) (0.055) (0.058)   
Can read and write 0.077* -0.005 -0.011 -0.003   
 (0.045) (0.044) (0.045) (0.048)   
Finished primary 0.075* 0.008 0.007 0.019   
 (0.040) (0.046) (0.046) (0.051)   
Junior high and above 0.068 0.011 0.019 0.017   
 (0.045) (0.047) (0.047) (0.050)   
log pce (< median)  0.045** 0.043** 0.044**   
  (0.019) (0.018) (0.019)   
log pce (> median, 
marginal)  -0.020 -0.014 0.007   

  (0.043) (0.045) (0.049)   
       
Rural Zhejiang   0.046    
   (0.055)    
Urban Gansu   -0.022    
   (0.054)    
Rural Gansu   0.012    
   (0.053)    
Community FE NO NO NO YES   
F-test for all age dummies  3.45II 11.12*** 11.55*** 9.83***   
(p-value) (0.020) (0.000) (0.000) (0.000)   
F-test for all education 
dummies 1.40 0.04 0.12 0.09   

(p-value) (0.248) (0.988) (0.945) (0.964)   
F-test for all log pce 
splines  3.48** 3.49** 4.48**   

(p-value)  (0.035) (0.034) (0.014)   
F-test for all location 
dummies   0.47 1.72***   

(p-value)   (0.701 (0.000)   
Observations 1111 1111 1111 1111   
Robust standard errors in parentheses all clustered at community level. 
* p<.1  ** p<.05  *** p<.01. 
log pce (>median, marginal) represents the change in the slope from the interval for log pce below the 
median see footnote 9. 

 




