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Dissertation Abstract 

 

This dissertation consists of three essays, each on one emerging public health issue that calls for new 

policy making. The first essay studies 15,000 adult individuals from a longitudinal dataset, the China 

Health and Nutrition Survey, collected in China 1991-2006. It explores the effects of food prices on 

obesity and shows evidence that while obesity corresponds to food prices changes, the effects might 

not always be accurately captured by Body Mass Index (BMI), but by a more direct measure of body 

fat – triceps skinfold thickness (TSF).  The second essay extends the first essay and focuses on 

health implications of obesity on outcomes such as hypertension and diabetes. I limit the sample to 

non-obese individuals with a BMI less than 28. TSF, as a proxy for body fat, is shown to have 

significant independent effects on health. The third essay looks at unintended consequences of a 

new drug innovation, Viagra, and its successors, Cialis, and Levitra. It finds that erectile dysfunction 

(ED) medication users have a higher rate of STDs. Because most ED drug consumers are 40+ 

males, who are above the typical age range where routine STD tests are recommended, this finding 

reveals a new health threat to older populations and potentially the general public as a whole.  
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Chapter I. The Effects of Relative Food Prices on Obesity - Evidence 
from China: 1991-2006 

 

A driver of health care costs and a threat to quality of life, obesity has become an increasingly 

serious public health problem worldwide. Since obesity and its induced diseases and mortality are 

preventable, public policies targeting its causes and mechanisms can be used for effective mitigation 

and prevention. This paper explores the effects of relative food prices on body weight and body fat 

over time. I study a cohort of 15,000 adults from over 200 communities in China, using the 

longitudinal China Health and Nutrition Survey (1991-2006). The main outcomes are measurements 

of body mass index (BMI) and triceps skinfold thickness (TSF). The key independent variables are 

food prices indexed from major food groups of edible oils, grains, meat, and vegetables. OLS, 

Random Effects (RE), Fixed Effects (FE) and IV(GMM) models are employed for the panel data 

analyses. I find that (1) across all model specifications, decreases in the price of staple oils cause an 

increase in body fat, whereas, in the individual FE models, such price effects on BMI diminish, and 

(2) controlling for BMI, the effects of relative oil prices on body fat remain significant. These 

findings suggest that changes in food consumption patterns induced by varying food prices could 

increase individuals’ percentage body fat to risky levels even without substantial weight gain. This 

increasing population of individuals with relatively normal weight and high level of body fat might 

soon become the next victim of the global obesity epidemic. The policy implications are twofold: (1) 

food prices and subsidies could be used to encourage healthier food consumption patterns and, thus, 

curb obesity, and (2) BMI is not the most accurate measure for obesity.
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1. Background 

Obesity is a condition under which the accumulation of body fat is high enough to adversely affect 

health (World Health Organization 2000). It is a risk factor for an array of non-communicable 

diseases, including cardiovascular disease (CVD), hypertension, diabetes, and certain types of cancer 

(World Health Organization 2000).  

In industrialized countries, obesity has already been a serious public health issue. In the United 

States, two thirds of the adult population are overweight, and half of them are obese1 in 2004 

(Ogden et al. 2006). In fact, obesity and being overweight has become the second leading cause of 

preventable death in the U. S., accounting for 400,000 deaths in 2000 (Mokdad et al. 2004). 

Meanwhile in developing countries, an emerging nutrition transition is leading a rapid spread of 

overweight and obese individuals. China is no exception: between 1992 and 2002, the fraction of 

Chinese who are either overweight or obese had increased from 14.6% to 21.8% – a growth of 49% 

(Wang et al. 2007). What is even more worrisome is that, even without a BMI greater than 25 or 30, 

individuals can still be at risk for CVD and diabetes, if they have a high level of body fat – a situation 

that applies to a considerable portion of the Asian populations (He et al. 2001; Deurenberg-Yap et al. 

2002; World Health Organization 2004). Thus, the magnitude of obesity as a public health threat 

might be underestimated if the BMI cut-off points of 25 and 30 are the only standard used to 

identify overweight and obese individuals.  

                                                 
1 Defined here by the WHO body mass index (BMI) cut-off points. Overweight is defined as BMI >= 25 and 
obesity is defined as BMI >= 30. 
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This paper models the two main culprits of obesity, energy-dense diets and physical inactivity, with 

the main focus on the former, and measures the magnitude of their effects on obesity. Specifically, it 

explores whether variations in food prices can have any effects on obesity by influencing individuals' 

diet patterns. Given that humans have innate preferences for fat (Drewnowski et al. 1991), I 

hypothesize that when the price of cooking oil decreases relative to other foods, individuals will 

consume more of it. And because cooking oil is the most energy-dense2 of all foods, such a food 

substitution can result in a much higher level of calorie intake, which subsequently leads to more 

body fat when excess calories are stored by the body. Findings in current literature support this 

hypothesis with empirical evidence. Lakdawalla and Philipson (2002) studied US individuals from 

1976 to 1994 and showed that falling food prices (as compared to other commodities) due to 

technological innovation accounted for 40% of the growth in BMI within that time period. And 

Chou et al. (2004) found that reductions in the real and relative prices of fast foods (which are 

typically high-fat) and availability of fast-food restaurants had a significant impact on obesity. 

However, there is little research on comparing effects within food categories (such as oils, meats, 

grains, and vegetables) and there is a lack of literature on effects of food prices on obesity in 

developing countries including China, where the growth of obesity prevalence is new and fast-paced.  

 

2.  Theoretic framework: how relative prices affect diet choice 

 

                                                 
2 The energy content of fat is ~9kcal/g, compared to ~4kcal/g for lean meat and grains, and ~0.25kcal/g for green 
vegetables. Source: The National Nutrition Laboratory of USDA. 
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2.1. The optimal case 

Consider an individual who tries to maximize her utility from food consumption. Suppose she 

values the amount and taste of food, so high-fat food adds to the joy of eating, and the more 

calories the better. However, she is also concerned with her physical image and health status. Let's 

further assume that she is informed that both excess calorie intake and a high percentage of calories 

from fat will increase her body fat and subsequently the likelihood of developing certain diseases 

such as hypertension and diabetes. In addition, she understands that although she might damage her 

physical image by gaining weight from consuming too many calories, she might not gain any 

noticeable weight by consuming a high percentage of calories from fat, if she can limit the total sum 

of her calorie intake to a sustaining amount, say 1,800 calories/day. If she is informed of all the 

above, she solves 

 
 

(1.1)

s.t. 

  (1.2)

  (1.3)

 
 

(1.4)

  (1.5)

In this model,  denotes the individual's calorie intake,  denotes the minimum of calories she needs 

to survive, and  denotes percentage calories from fat.  is the utility from consuming calories.  
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I assume the more calories she consumes, the happier she is, so . Macro-nutrients, such as 

carbohydrates, protein, and fat, all contribute to calorie intake. Given humans’ innate preferences for 

fat, I assume the higher  is, the happier the individual will be. So , where  is the utility from 

consuming fat.  is body weight. The individual will try to maintain a normal weight by limiting her 

total calorie intake.  is monotonically increasing, so .  denotes obesity-induced 

diseases. It’s a function of both weight and body fat. Body fat, , is a function of , so I have 

 and . 

According to the assumptions I also have , , and . Further, if  is 

addictively separable in  and , I also have . 

In the constraints,  is the individual's disposable income and  is the relative price of fat. I set the 

price of other goods  to be 1. I assume that fat is a normal good so when price is lower the 

individual will consume more. Because , and , I can rewrite the budget 

constraint as . Then I have , and  is then a function of : 

. Substitute this  into the utility function, I have 

 
 

(1.6)

FOC w.r.t : 

  
(1.7)
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Let  be the optimal value of  that satisfies this FOC condition. Therefore,  is the optimal 

level of utility for the individual achieved by consuming  percent of calories from fat. And 

, given there are no multiple equilibria. 

 

2.2.  The suboptimal case 

But, what would happen if the individual were to only observe weight, but not her body fat? This is 

quite common because it is much easier to weigh oneself than to get a direct measure of body fat. 

Thus, it is possible that the individual would not achieve the optimal level of utility, if she did not 

either observe or care about her body fat. In this case, she is ignorant about the potential harms a 

high body fat might cause her, and she solves her utility function by assuming  

instead of , and she would choose  to satisfy the FOC condition as follows: 

 
 

(1.8)

The difference between equation (1.8) and (1.7) is that, here, she sets . In the optimal 

case,  is likely to be non-zero and positive when , due to the concave shape of . 

And also because and , the  the individual chooses in the suboptimal case is likely to 

be higher than . Subsequently, the disutility  will be greater than , and . The individual 

will then suffer from a suboptimal level of utility by failing to link a high-fat diet with obesity-

induced diseases. 
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3. Data 

I use the China Health and Nutrition Survey (CHNS), which is an on-going panel of individuals 

from over 200 communities in 9 provinces.3 CHNS collects longitudinal data on demographics, 

anthropometric measurements, health indicators, and community-level commodity prices. It began 

in 1989 and followed the participants subsequently in 1991, 1993, 1997, 2000, 2004, and 2006. I use 

data from all the waves except 1989 because most food prices in 1989 were determined by the 

central government rather than market-driven and only a limited sample of individuals were 

interviewed for health and nutrition information in that year. 

For each wave, I limit the sample to adult individuals who are between 18 and 75 years old at the 

time of interview. For women, I exclude the waves when they were pregnant, to avoid irrelevant 

weight shocks. This results in 37,816 individual-year observations in total. It is an unbalanced dataset, 

and there are about 5,000 - 8,000 individuals in each interview year,4 and 15,649 individuals in total.  

The key outcome is obesity, or adiposity. Obesity is defined as the condition of having an 

abnormally high proportion of body fat (National Institutes of Health 1998, p174). In order to 

better capture effects on obesity,  I adopt two measures to indicate the extent of body fat - body 

mass index (BMI) and triceps skinfold thickness (TSF), both of which are commonly used for 

measuring adiposity (Must et al. 1991).  

                                                 
3 The nine participating provinces include Liaoning, Heilongjiang, and Shandong in the northeast, Jiangsu in the east, 
Henan, Hubei, and Hunan in the middle, Guizhou in the southwest, and Guangxi in the south. Heilongjiang was not 
surveyed in 1991 and 1993, and Liaoning was not surveyed in 1997. (Source: 
http://www.cpc.unc.edu/projects/china/design/sample.html). 
4 Numbers of observations vary by year due to attrition and addition of participating individuals and provinces. 

http://www.cpc.unc.edu/projects/china/design/sample.html
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BMI is traditionally used to classify obesity as a surrogate measure for percentage body fat, mainly 

because it is convenient to obtain and easy to interpret.  It is defined as weight in kilograms divided 

by the square of height in meters: BMI = weight(kg)/height squared (m2). An individual with a BMI 

≥ 25 is classified as overweight and is further considered obese if the BMI ≥ 30 (National Institutes 

of Health 1998). To construct BMI from the data, I use weight values from all interview waves and 

the first normal, non-missing height.5 BMI is easy to calculate and widely used. However, because it 

is derived from only height and weight, it does not convey information on body composition, which 

is defined as the ratio of lean body mass to body fat mass. Thus, its accuracy in measuring body fat 

varies by muscularity, age, gender (Gallagher et al. 1996), and ethnicity (Calle et al. 1999). Specifically, 

BMI tends to overestimate body fat in muscular subjects and to underestimate percentage body fat 

of the elderly and of certain ethnicity groups such as Asians (Deurenberg et al. 1998). Due to this 

limitation, BMI can be a weak indicator for adiposity of certain population sub-groups (Piers et al. 

2000; Deurenberg-Yap et al. 2002; Burkhauser and Cawley 2008). In fact, overweight and mild 

obesity indicated by BMI alone have shown to not be an independent risk factor for cardiovascular 

diseases (Romero-Corral et al. 2006). 

Concerning the limitation of BMI as a proxy for obesity, I use a second measure for body fat - TSF. 

TSF is a vertical skinfold measured at the posterior midpoint between the acromion and the 

olecranon. It directly measures subcutaneous body fat, and is widely used to measure body 

composition in clinical studies. It is considered a more appropriate measure for obesity and body fat 

than BMI (Rolland-Cachera et al. 1997). Moreover, unlike BMI, TSF, or the logarithm of TSF, is 

consistently shown to be a linear function of body fat (Durnin and Womersley 1974; Lean et al. 

1996). For example, Lean et al. (1996) showed that percent body fat increases by 0.76 percentage 

                                                 
5 Height is measured in every wave but I found there are more abnormal values in the latest waves of 2004 and 2006. 
Because the height of an adult is pretty stable (in this sample the decrease in height is about 0.003cm every additional 
year of age), for each individual, we use the first non-missing height value that is within the normal range. 
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points for men and 0.67 percentage points for women, when there is a 1mm increase in TSF, 

holding all else equal. The limitation of TSF is that it does not directly calibrate visceral fat, and thus 

might underestimate the total body fat mass in obese individuals with high visceral fat (Williams et al. 

1992, p604). Therefore I discard the very few records where BMI is higher than 35, and limit the 

analysis to non-morbidly obese individuals (with a BMI of 35 or higher). In addition, I also refer to 

the Anthropometric Reference Data from NHANES III (1988-1994)6 and limit TSF values to a 

reasonable range of 3 – 40 mm. 

The five key independent variables are food prices, in relative or absolute terms. They are: (1) price 

of staple oil relative to staple food, (2) price of staple oil to lean pork, (3) price of staple oil to 

commonly consumed vegetables, (4) price of staple oil by itself, and (5) price of staple oil to 

government-recommended intake of protein and carbohydrate, respectively.  

These price variables are mainly relative and absolute prices of cooking oil. I construct the prices by 

taking into consideration how food is usually prepared and consumed. Grains (staple food), meats, 

and vegetables are the main food sources, and they are usually prepared with a certain amount of 

cooking oil. Because cooking oil is the most caloric of all foods, the fraction of oil used in food 

preparation helps determine the sum of calories a meal contains. And because the amount of oil to 

use in a dish is often discretionary, it allows variations in the portion of oil, and therefore variations 

in percentage calories from oil intake.  

I use the five oil price variables separately, each in a different regression model. When the key 

regressor covers certain food categories, prices of other main food categories are also controlled for. 

For example, if the price of staple oil to staple food is the key regressor, then the price of lean pork 

and the price of commonly-consumed vegetables are being controlled for. And if the price of staple 
                                                 
6 Source: http://www.cdc.gov/nchs/about/major/nhanes/Anthropometric%20Measures.htm. 

http://www.cdc.gov/nchs/about/major/nhanes/Anthropometric%20Measures.htm
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oil by itself is the key regressor, then the price of staple food, the price of lean pork, and the price of 

vegetables are being controlled for.  

In these prices effect models, oil and other foods are considered complementary to each other. My 

hypothesis is that consumption of foods corresponds to how expensive the foods are, and when the 

relative price of oil decreases, people will choose to use more oil when preparing meals, and vice 

versa. Subsequently, higher percentage of oil intake leads to more adiposity.  

By analyzing five separate models, I can test whether the price effects are persistent and robust, and 

can obtain more information on how the magnitude of price effects changes when the comparison 

group is different. Below I describe in details how prices of each food category are coded. 

Out of all edible oils with price infomation available, three (soybean, rapeseed, and peanut) are 

identified as staple oils as they account for more than 80% of the edible oil consumption in a certain 

region of China (Fang and Beghin 2002). Accordingly, I assign each participating province the price 

of its staple oil, depending on the region it belongs to. Namely, it is soybean oil for the northeastern 

provinces, including Liaoning, Heilongjiang, Shandong; rapeseed oil for the provinces in the middle 

and west, including Jiangsu, Henan, Hubei, Hunan, Guizhou; peanut oil for the southern province 

Guangxi. 

The prices of staple food/grains are also region-specific, because the north and south have different 

staple foods. I use the average price of wheat and noodle for the northern region (Liaoning, 

Heilongjiang, Shandong, Henan), and the average price of rice and noodle for the south (Jiangsu, 

Hubei, Hunan, Guangxi, Guizhou).  
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I use lean pork to represent meats because it is the main source of animal protein in China. For 

vegetables, I use the average price of all the vegetables available in the survey: cabbage, rape7, and 

“other commonly eaten vegetables". 

The last price variable is the ratio of the price of staple oil to the price of a combination of protein 

and carbohydrates. I construct this key variable by acknowledging protein and carbohydrate as the 

main contributors of a regular meal in terms of calories. In theory, I can either model intake with 

real consumption patterns or with ideal proportions. Real consumption data change frequently and 

are hard to obtain, so I use ideal proportions by referring to the Dietary Guidelines for Chinese 

Residents 2007 by the Chinese Nutrition Society, in which the recommended daily intake of meats 

and gains in terms of calories for adults is about 1:2 to 1:3. In the analysis I use three patterns of 

intake combinations, 1:3, 1:2, and 1:1, mainly to check robustness of the price effects. I will describe 

in more detail in the results section but the three price ratios return similar and comparable 

coefficients on obesity. So due to space limitation, I only show the price ratio of 1:2 in this paper.  

To summarize, these five food price variables can be written as:  ,    , ,  

, and . 

For all food categories, I use free market prices by default, and substitute with either state store 

market prices (from all interviews occurred in 1991, 1993, and 1997) or large store retail prices (from 

interviews occurred in 2000, 2004, and 2006) wherever free market prices are missing. I refer to the 

                                                 
7 A leafy green vegetable in the mustard family, similar to Canola.  
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national food price data published by the Chinese Department of Agriculture,8 in order to identify 

and to exclude abnormal price values as a way of data quality control. 

Besides the key variables, I include covariates such as gender, age, age squared, type of residence 

(urban or rural), education attainment, income levels, physical activity levels, and year dummies.  

I construct five levels of education attainment: (1) no education, (2) elementary school, (3) middle 

school, (4) high school diploma or equivalent (including technological and vocational school 

education), and (5) bachelor’s degree and beyond.  

There are two types of income variables in CHNS: personal income and household income. I use 

household income divided by household size to calculate household income per person, because (1) 

there are significantly fewer missing data points in the variable of household income than in personal 

income; (2) food preparation and consumption often do not vary within the household level in 

China, and per capita household income can better capture the level of disposal income for food 

than personal income.    

Physical activity levels are important factors to include because they directly affect obesity. There are 

five levels of physical activity available in CHNS, based on how strenuous an individual’s job is. I re-

categorize them into three levels: light, moderate, and heavy, mainly to avoid a potential lack of 

power due to limited observations in certain activity levels. “Light” includes very light activities such 

as sedentary office work, and light activities such as jobs that have to be completed while standing, 

like those of a salesperson’s or of a teacher’s. “Moderate” includes occupations such as student, 

                                                 
8 This dataset collects daily prices of several hundred different food items at large free markets nation-wide, for the past 
10 years. All provinces are covered, though prices are not available for all free markets at all times. Source: 
http://www.agri.gov.cn/vegetable/sort.asp 

http://www.agri.gov.cn/vegetable/sort.asp
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electrician, and metal worker.  “Heavy” includes heavy and very heavy activities, covering 

occupations such as farmer, dancer, athlete, miner, and logger.  

Summary statistics are shown in Table I-1, for the whole sample, and the female and male 

subsamples. As we can see, there are about equal numbers of men and women. Rural residents 

constitute two-thirds of the sample, and urban residents one-third. Obesity-wise, both females and 

males have an average of BMI around 22.5, while females have a slightly higher index. In contrast, 

there is a much more distinctive difference between men and women in terms of TSF/body fat. 

Females have a TSF of 15.91 mm, 37% higher than that of men. The difference in body fat is 

nonetheless expected to a certain extent, due to biological differences between men and women.  

The food prices provide a basic idea on how much each food item costs (note that they are a pooled 

average over a time period of 15 years). Lean pork is the most expensive of all, with the mean at 7 

yuan per 500g. The second most expensive is staple oil, which costs slightly more than half of the 

price of lean pork. Staple food, representative of flour, rice, and noodles, cost about 1.2 yuan per 

500g. The least expensive is vegetables, costing about half a yuan per 500g.  

In terms of physical activities, almost half of all the individuals belong to the “heavy” category, 

mainly because most of the interviewees are rural residents, and among them many are farmers.  

Perhaps the most striking demographic is education attainment. Only about 23% of all interviewees 

have an education attainment higher than or equivalent to a high school diploma, and only one in 

twenty interviewees have a bachelor’s degree or higher. Males are more educated than women. 85% 

of males have at least some years of education, but only two-thirds of the females do.  

Below I describe the time trend of the key regressors and obesity outcomes of interest, in addition to 

the mean values for the whole time period presented in Table I-1.  



14 

Figure I-1 shows the percentage changes of three relative oil prices from 1991 to 2006, including 

price of oil relative to staple food, price of oil relative to lean pork, and price of oil relative to 

vegetables. All food prices in nominal terms are increasing every year (not shown in the figure), due 

to inflation and economic growth, but the rate of increase in oil prices is so much lower than in the 

other three foods that the relative prices of oil unanimously decrease over time. If we use 1991 as 

the reference year, the percentage decrease in the relative prices of oil range from 24% in the price 

of oil relative to lean pork to 58% in the price of oil relative to vegetables in 2006. There is also a 

35% decrease in the price of oil relative to staple food. The price ratio of oil to vegetables has most 

prominent variation of all: staple cooking oil was more than 13 times more expensive than 

commonly-consumed vegetables back in 1991, and that ratio has reduced to a little over 6 in 2006 

(numbers not shown in the figure).  

Within the same time period, the prevalence of overweight and obesity skyrocketed by the definition 

of BMI cutoffs: the fraction of overweight (25≤BMI<30) individuals increased from 12.4% to 

23.5%, and the fraction of obese (BMI ≥ 30) individuals rose from 1.1% to 3.2%.  

However, in continuous terms, the trend does not look as prominent, because one unit change in 

BMI often means a substantial change in body weight. In Figure I-2, it shows the trend of BMI and 

TSF from 1991 to 2006. (Note: the figure is not age-adjusted but the general increasing trend holds 

true either way.) The left chart shows changes over time in absolute terms, in which the mean BMI 

started at around 21.8 in 1991 and grew to 23.2 in 2006 (a1.4-point increase), and the mean TSF 

increased from 11.4mm in 1991 to almost 16.7mm in 2006. The chart on the right is the percentage 

changes over time. BMI is 6.5% higher in 2006 than in 1991. The increase in TSF is more substantial: 

it was 46.7% higher in 2006 compared to the 1991 level. Could this mean the growth of adiposity is 

faster-paced than that of body weight among Chinese individuals 1991-2006?  
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Also, was there a connection between the decrease in relative oil prices and the rise in obesity 

between 1991 and 2006? While the general time trend suggests that relative prices of energy-dense 

foods are negatively associated with obesity, the correlation could well have been due to chance. So 

Figure I-3 further looks at how changes in BMI and TSF are associated with relative oil prices at the 

community level. It tests whether the correlation between food prices and obesity would still remain 

strong, with the assumption that communities are heterogeneous enough that if “chance” had only 

occurred at the national level it would not have influenced on both prices and obesity at a finer level. 

Figure I-3 shows two scatter plots with a common x-axis – percentage change in the price of oil 

relative to recommended protein and carbohydrate intake (or recommended meal in short). The plot 

on the left depicts the relationship of price with percentage change in BMI on the y-axis. Every plus 

sign in the plot represents one community. The plot on the right shows the correlation between 

percentage change in TSF and percentage change in the relative price of oil. Similarly, every circle 

represents one community. The majority of the communities experienced a decrease in the relative 

oil price and a rise in BMI and TSF, resembling the general trend. However a few of them witnessed 

an increase in the relative oil price and a drop in BMI and TSF, which is the opposite of the bigger 

picture, suggesting heterogeneity at the community level. In both scatter plots, the relationship 

between the relative oil price and obesity is negative and statistically significant, but the downward 

slope is steeper for TSF, or body fat, than for body weight.  

 

4. Methods 

In this section, I will describe the analyses I employed to explore a causal relationship between food 

prices and obesity, which involve a series of food price effects regressions at the individual person 
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level. To test whether the effects are persistent and robust, I use all the possible model specifications 

including pooled ordinary least squares regressions (OLS), random effects (RE) models, and fixed 

effects (FE) models. For all the regression models, obesity is a function of community-level relative 

oil prices, and individual person-level characteristics that can be time-invariant or time-varying, such 

as age, gender, education attainment, type of residence, physical activity levels, and year fixed effects. 

“Obesity” as the outcome is measured separately by continuous variables BMI and TSF, in levels 

and logs, for each individual  in community  at time . Taking the FE model as an example, 

“price” is the price of oil relative to staple food, to lean pork, to vegetables, to recommended meal, 

or by itself, respectively.  is the set of individual characteristics. is the time fixed effect.  is 

the individual fixed effect, and  is the error term. Notation-wise, please see Equation (1.9) with 

BMI being the outcome of interest. 

  (1.9) 

When TSF is used as the outcome of obesity, for each model specification I estimate two 

regressions, one with BMI being a covariate, and one without. Please see Equations (1.10) and (1.11). 

This is because in the data, although BMI and TSF are both measures for obesity, they are not 

perfect substitutes for each other. In fact, the correlation between the two is only 0.45. Therefore, by 

controlling for BMI when the outcome is TSF, we are able to see whether body fat would still be 

affected by food prices when body weight is held constant.  

  (1.10) 

  (1.11) 
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In all models I estimate the coefficients with heteroscedasticity-robust standard errors clustered at 

the community level. This is the strictest assumption one can make with the dataset. Bertrand et al. 

(2004) suggested that even in differences-in-differences models (FE models with time fixed effects 

in this case), the standard deviation of the estimated treatment effects might be underestimated in 

the presence of serial correlation, when conventional standard errors are used. To be most cautious 

in interpreting the price effects, I use heteroscedasticity-robust standard errors clustered at the 

community level. Compared to the conventional standard errors, these clustered robust standard 

errors do not change point estimates of the coefficients, but often produce much larger standard 

errors and therefore decrease the likelihood for a coefficient to be statistically significant. However, 

this is necessary for correcting heteroscedasticity and serial correlation in at the community level 

where variation in the key regressors – food prices occurs. 

 

5. Results 

Table I-2, Table I-3, Table I-4, and Table I-5 show the effects on BMI and TSF by the price of 

staple oil relative to staple food, price of staple oil relative to lean pork, price of staple oil relative to 

vegetables, price of staple oil, and price of staple oil relative to recommended meal, respectively. All 

the regressions shown are log-log models, partly because it is easier to interpret the coefficients as 

price elasticities. In each table, there are six regressions. They are listed side by side for easy 

comparisons between treatment effects on body weight and that on body fat. The first three on the 

left are on the outcome of BMI, and the other three are on the outcome of TSF with BMI being 

controlled for. Regressions with the outcome of TSF without BMI being included are analyzed but 
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not included in the tables because (1) the price effects on body fat do not differ significantly when 

BMI is added as a control variable, and (2) space is limited.  

For each outcome, an OLS, a RE, and a FE model is shown. Regression models in levels are also 

analyzed. The coefficients estimated have the same expected sign and the statistical significance is 

comparable to that in the log-log models. Those results are not shown due to space limitation, but 

are available upon request.  

Across all model specifications, relative oil prices are generally shown to be negatively associated 

with TSF, and thus body fat, except in the FE model of oil price relative to vegetables. This 

confirms the hypothesis that when oil prices are lower, body fat will increase. I deduce that 

consumption of staple oil and energy-dense foods goes up as a response to changes in oil prices. 

This middle step, changes in food consumption, is not demonstrated in the reduced-form 

regressions, but it is reasonable to assume so because it is well documented elsewhere. Ng et al. 

(2008) found that increased consumption of cooking oil at the individual-person level was associated 

with decreasing prices – empirical evidence from the same CHNS dataset but with a shorter panel, 

from 1991 to 2000.  

In contrast, the expected negative treatment effects on BMI only appear in some model 

specifications, all of which OLS regressions. Those effects vanish in the RE and FE regressions. 

However, the key regressor, price of oil relative to vegetables, appears to be an outlier with a 

positive and significant effect on body weight, which I will discuss in more detail when I describe 

results from Table I-4.  

In Table I-2, there are six log-log models with one key regressor: the relative price of staple oil to 

staple food. In the three models on the left with BMI being the outcome, we see that the key 



19 

regressor does not appear to have any treatment effects on body weight. The sign is negative in the 

OLS model, which is expected, but it flips in RE and FE models, and is never statistically significant. 

However, the effects of non-food price control variables are reasonably in accordance with common 

beliefs. A moderate or heavy physical activity level is associated with less body weight as compared 

to light. Age and age squared are strong predictors for body weight, suggesting non-linear, quadratic 

age effects. Income is also positively associated with body weight, except the effects fade away in the 

FE model. In the OLS and RE model we are also able to see the effects of individual-specific, time-

invariant variables such as type of residence, and gender. Both being an urban resident and a female 

are positively associated with body weight. Education attainment levels are included in the 

regressions but the coefficients are not shown here because most times they do not appear to be 

statistically significant, or interesting. Year fixed effects are considerable and statistically significant 

in all regressions. They are not shown here either because without further efforts we are not able to 

isolate and specify effects of individual events happened in those years that had an influence on 

obesity.  

Still in Table I-2, the three regressions on the right are on the outcome of TSF, or body fat. There 

appears to be significant price effects on body fat in all three models, although the magnitude wanes 

when model specifications make more stringent assumptions about the data. The price coefficient is 

-0.15 in OLS, -0.13 in RE, and -.08 in FE. But what do price effects imply?  

Suppose in one community, the price of staple food is 4 per 500 gram, and the unit price of staple 

oil is 8. The relative price of staple oil to staple food is 8÷4= 2. Then, if the price of staple oil 

increases from 8 to 9, while the price of staple food increases from 4 to 5, the price of staple oil to 

staple food will change to 9÷5= 1.8. And that is a (1.8-2) ÷ 2 = -10% change from the original 

relative price. In the OLS model, holding all else equal, a 10% decrease in the price of staple oil 
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relative to staple food leads to a 1.5% increase in TSF. With the same scenario, the treatment effect 

is reduced to a 1.3% increase in TSF in the RE model, and a 0.8% increase in the FE model.  

Although the treatment effects are smaller in the FE model than in the OLS and RE models, they 

are in general much more reliable point estimates. There are a few reasons for that. First, in order 

for OLS estimators to be consistent, the error term has to be i.i.d. (independent and identically 

distributed), or in other words, random, and uncorrelated with the control variables, which is an 

ideal case that often does not exist in the real world. Second, RE models a composite error term 

 instead of identifying each individual effect like FE model does, assuming orthogonality 

between individual effect  and control variables .  

However, unobservable individual characteristics absorbed by  can be correlated with observed 

variables and can lead to biased point estimates. There are at least two ways to test whether a RE 

model produces consistent results. One is to run a FE model where  will be estimated, and check 

the correlation between  and . If the correlation is strong, it means that the orthogonality 

assumption a RE model makes is invalid, and therefore the RE estimator is inconsistent. If the 

correlation is weak or close to zero, then both the FE and the RE estimators are consistent, while 

the RE model is more efficient. The other way is to run both RE and FE models and conduct a 

Hausman test to see whether we can reject the null hypothesis that the RE estimator is consistent. I 

use the first method to evaluate whether the RE estimator is appropriate, because the statistic is 

automatically calculated for the regression model by Stata when a FE model is being estimated. In 

this specific FE model with price of staple oil relative to staple food being the key regressor, the 

correlation between individual fixed effects and control variables is -0.9988. The absolute value is 

very close to 1, suggesting the orthogonality assumption is invalid, and that the FE model should be 
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more appropriate in estimating the price effects. In fact, the correlation between  and control 

variables  in all the other FE models estimated is much close to 1 in absolute value, similar to 

the current example, so from now on, I will focus mainly on interpreting the FE estimators for all 

key regressors.  

In the last column of Table I-2 where TSF is the outcome of interest in a FE model, the price of 

lean pork is negatively associated with body fat, while the price of vegetables has little, if any, effects 

on body fat at all.  BMI is found to be a strong predictor for body fat, as expected. The estimated 

coefficient says that when BMI increases by 10%, body fat will increase by 12.6%, holding all else 

equal. Because the point estimate/elasticity is greater than one, it suggests that within individuals, 

body fat may be growing at a faster rate than is body weight, holding all else equal. Interestingly, 

within the same individual, changes in physical activity levels do not seem to affect body fat 

significantly, holding all else equal. 

Lastly, by comparing the FE estimators between the two obesity outcomes, I find that effects of 

staple oil price relative to staple food on obesity are manifested in TSF, a more direct measure of 

body fat, but are not captured by BMI, an equivalent to body weight.  

Table I-3 shows treatment effects of oil price relative to lean pork. The six regressions here explore 

to what extent individuals would substitute animal protein with cooking oil when price differences 

are noticeable, and how this would affect their body weight and body fat. The first three models 

model prices effects on the outcome of BMI. The relative oil price appears to be negatively 

associated with BMI, suggesting that when the relative price of oil becomes lower than that of lean 

pork, there would be a higher percentage of calories from oil consumption and a higher calorie 
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intake in total, which eventually lead to a higher body weight. However, the price effect loses its 

statistical significance in the FE model.  

In contrast, when TSF is the outcome of interest, all three regression models indicate negative and 

significant treatment effects: the estimation of price effects varies from -0.16 in OLS to -0.14 in RE 

to -0.08 in FE. If we take the FE estimation at face value, holding all else equal, a 10% decrease in 

the price of staple oil relative to lean pork will result in a 0.8% increase in TSF, or body fat. The 

effects are comparable to that from Table I-2.  

Results represented in Table I-4 are six regression models with the price of staple oil relative to 

vegetables as the key regressor. In the third model, the FE model on BMI, holding all else equal, a 

10% decrease in the price of staple oil relative to vegetables results in a 0.04% decrease in BMI 

(p<0.01). Such a positive yet very small price effect is perplexing because it is contradictory to the 

common belief that lower oil price induces more oil consumption, and obesity. This effect is also 

quite different from what is presented in Table I-2 and Table I-3, where little or no relative oil price 

effects are shown on BMI. This positive effect is also contradictory to the general trend of food 

prices and BMI. The price of oil relative to vegetables has gone down between 1991 and 2006, as 

shown before, and at the same time BMI has increased, suggesting a negative correlation.  

One possible explanation for this is that vegetables are a Giffen good, and when they are priced 

higher there will be more consumption. But there is little literature supporting this point. 

Alternatively, it could be price endogeneity – healthier, light-weighted individuals have a strong 

preference for vegetables, driving both prices and consumption up. A third possibility is that it is a 

type I error. None of these hypotheses can be tested here, however. But it would be easier to at least 



23 

explore the first hypothesis, when prices of each food category are being controlled for individually, 

as presented in Table I-5. I will discuss this further after I describe the TSF part of Table I-5.  

Results on the outcome of TSF are also different from that of earlier model specifications.  The 

price effects are negative and significant in OLS and RE but that statistical significance is lost in the 

FE model, suggesting that we cannot reject the null hypothesis the price of oil relative to vegetables 

has no effects on body fat.  

Table I-5 shows results from six regressions with the key regressor being the absolute price of staple 

oil. Prices of staple food, lean pork, and vegetables are also being controlled for individually.  

When BMI is the outcome of interest, in the FE model, it appears that the price of staple oil has no 

treatment effects on BMI. Actually, the only statistically significant price effect (p<0.05) here is from 

lean pork. When the price of staple oil and everything else is held constant, a higher price of lean 

pork predicts a higher body weight. The effect is small (point estimate 0.006), but significant. The 

price of vegetables is negative but only border-line significant (p<0.1), suggesting little to no effects 

on BMI, when other food prices are being held constant.  

The results suggesting little price effects of vegetables are more reasonable than assuming negative 

effects or in other words a Giffen-good phenomenon. One good reason is that vegetables contain 

very few calories. In fact, there is only 0.25 calories per gram of vegetables on average. So even if the 

consumption of vegetables doubled within the same time period, it wouldn’t add enough calories to 

significant increase calorie intake, or increase body weight, not to mention the fact that many fiber-

rich vegetables are filling, so by consuming more of them people might eat less in general.  
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Also there is empirical evidence that consumption of vegetables do not increase when their prices go 

up. Aggregate-level data provided in the 2007 Agricultural Development Report by the Ministry of 

Agriculture in China show that annual consumption of vegetables per capita has been decreasing 

over time: from 127kg in 1991 to 101kg in 2006 for urban residents, and from 132kg in 1991 to 

118kg in 2006 for rural residents.9 Within the same time frame, prices of vegetables have increased. 

Connecting the two, I exclude the possibility that vegetables are a Giffen good. Price endogeneity or 

type I error are more plausible candidates.  

Still in the same table, when TSF is the outcome of interest, prices effects are all statistically 

significant with an expected sign. The point estimate for oil price effect is -0.09 in the FE model 

(p<0.01), the magnitude quite comparable to that of the relate oil prices compared to staple food, or 

to lean pork. The price effects of staple food and lean pork on TSF are positive, when the pricing of 

oil is being held constant, which is in accordance with my hypothesis. The price of vegetables does 

not appear to have any treatment effects on TSF, or body fat. 

Table I-6 is the last table displaying price effects regressions for the whole sample. The key regressor 

shown here is the price of oil relative to recommended meal. Again, in the FE models, the relative 

oil price appears to have no effects on body weight, and is shown to have a negative and significant 

(p<0.01) effect on body fat (TSF), even when BMI is being controlled for. The magnitude of the 

effect is even greater than earlier models: a 10% decrease in the price of oil relative to recommended 

meal will increase TSF by 1.2%, holding all else equal.  

By look at results from all model specifications, it suggests that effects of both relative and absolute 

oil prices on TSF, or body fat, are persistent and robust. However, BMI does not seem to capture 

                                                 
9 Source: http://www.agri.gov.cn/sjzl/baipsh/WB2007.htm#24.  

http://www.agri.gov.cn/sjzl/baipsh/WB2007.htm#24
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these price effects. The only exception to the generalization is the price of staple oil relative to 

vegetables.  

This implies that individuals consume more edible oils when the prices are lower, and additional oil 

consumption subsequently leads to a higher level of body fat. At the same time, individuals are likely 

to keep total calories consumed per day to a certain number, and reduce the consumption of other 

foods, such as rice, flour, meats, and vegetables, to compensate for more oil intake, such that the 

total calorie intake will not change substantially, but a higher fraction of calories will come from fat.  

 

5.1. Extended Results by Gender  

Although FE models are shown to be superior to RE in this paper (because observable individual 

characteristic are highly correlated with the control variables), the limitation of FE models remains – 

FE models do not estimate effects of individual characteristics that are invariant over time because 

those effects are modeled as part of individual fixed effects by definition. One way to overcome that 

limitation is to analyze fully-interacted models, or in other words, to run regressions using 

subsamples divided by a variable of interest. I employ this technique and estimate price effects 

within subsamples by gender to see if and how treatment effects differ between females and males.  

Table I-7 shows the subsample results (log-log models only). The first column of results shows the 

regression on the outcome of BMI, and the second is on TSF. Each block of a coefficient and a 

standard error represents one regression. There are altogether 20 regressions in the table. They are 

all FE models with robust standard errors clustered at the community level. 
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When BMI is the outcome, all the price effects are not statistically significant except the price of oil 

relative to vegetables in the male subsample. When TSF is the outcome, mostly the price effects are 

comparable between females and males, except for the price of staple oil by itself. In the male 

subsample, the absolute oil price effect is not statistically significant, but in the female subsample, 

the p-value is less than 0.01.  

 

6. Endogeneity 

Price effects shown earlier cannot be considered causal if there is price endogeneity. In a free and 

competitive market, prices are co-determined by supply and demand. Self selection from the 

demand side and reverse causality are two legitimate concerns regarding the estimated price effects 

from earlier regression models. Therefore I use instrumental variables (IV) to test if price 

endogeneity is present and to further estimate causal price effects on obesity. 

An instrument is considered valid and relevant in this particular case if (1) the instrument is 

associated with food prices from the supply side, such as a production cost, or a transportation cost, 

and (2) the instrument itself does not in any other way affect body weight or body fat except 

through food prices. The price of gasoline is available from the CHNS community survey and meets 

the two above requirements. First, gasoline is directly used for vehicles that transport and distribute 

food, so it is part of the transportation cost of food, from the supply side. The relationship between 

the price of gasoline and the price of food prices can be tested in the first stage of IV. Second, 

gasoline is unlikely to be directly linked with body weight and body fat. This condition might be 

violated in developed countries where car ownership is so common that when the price of gasoline 

is lower, individuals might choose to substitute walking with driving, and store more calories and fat 
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in the body. But in China, very few people have a car at their disposal, and most people commute by 

foot, bike, or bus. So, changes in gasoline prices supposedly would not change individuals’ physical 

activity levels, or other behaviors related to obesity 

For all the IV estimates, only FE-IV models are shown in Table I-8 and Table I-9 due to space 

limitation. There are altogether ten shown regressions, five on the outcome of BMI, five on TSF.  

The first stage of these IV regressions is not shown, but for each regression I run a weak 

identification test and an under-identification test on the validity of the instrument. The weak 

identification test uses Kleibergen-Paap rk Wald F statistic and the under-identification test uses 

Kleibergen-Paap rk LM statistic (Baum et al. 2007). The statistics are shown near the bottom of the 

tables. In all models these statistics are large enough to reject the null hypothesis that instrument is 

not valid.  

I also perform endogeneity tests of the price variables in OLS-IV models, which suggest that the 

price of staple oil is endogenous. But because it is in essence a Hausman test under conditional 

homoskedasticity (Baum et al. 2007), it is not available for the FE-IV models.  

I find that in the FE-IV models, prices effects remain all negative and statistically significant on TSF, 

echoing what I find from earlier FE models. Even the price of oil relative to vegetables is shown to 

influence TSF. And the magnitude of effects is now larger. For example, the effect of staple oil price 

relative to staple food has risen from -0.08 in FE to -0.214 in the FE-IV model. The coefficient of -

0.214 implies if the price of oil relative to staple food decreases by 10%, TSF will increase by about 

2.1%, holding all else equal. However, does this instrumented point estimate sound too large to be 

reasonable? From 1991 to 2006, the price of oil relative to staple food decreased by 35%. Applying 

the instrumented point estimate, this price change led to a 35%×0.214 ≈ 7.5% increase in TSF. 
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Within the same time period, TSF increased by 46.7%. So, the price of staple oil relative to staple 

food explains 7.5%÷46.7%=16% of the total increase in TSF. Given that excess food intake and 

physical inactivity are the two main contributors of high body fat, a point estimate indicating that 

food price accounts for 16% of the changes in TSF hardly sounds absurd.  

On the other hand, the price effects on BMI are all shown to be negative and statistically significant 

as well, which is aligned with the findings on the oucome of TSF, but different from what I find in 

the FE models on BMI earlier. In the same example of the price of staple oil relative to staple food, 

the earlier FE model gives us a coefficient of -0.005 which is negative yet insignificant, but once 

instrumented, the coefficient is changed to -0.039 and is statistically significant (p < 0.01). It says, 

holding all else equal, if the price of staple oil relative to staple food increases by 10%, an average 

person's BMI will decrease by about 0.4%. If I take the results at face value, it implies that when 

relative oil prices are lower, individuals are likely to gain body weight and increase percentage body 

fat. However, price effects are much larger on body fat than body weight, suggesting body fat might 

have been growing at a faster rate than body weight. 

I do not have enough information to conclude whether regression results from one model are 

definitively more reliable than those from another, but at least the IV method reconfirms the 

hypothesis that relative oil prices have negative treatment effects on body weight and body fat. Oil 

prices are demonstrated to have a greater impact on body fat than on body weight. And the results 

are consistently shown to be robust. 

7. Conclusion 

Results from the reduced-form price effects models suggest that food prices affect individuals' body 

fat levels, probably by changing the composition of meals they consume – when the relative price of 
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staple oil is lower, obesity increases, captured by changes in TSF. In addition, by using any 

constructed relative oil price, across all model specifications, price effects on body fat are significant 

and persistent. However, such price effects appear to be more subtle on BMI and cannot always be 

captured, especially in the FE models (though reflected in FE-IV models). This is partly because 

BMI is not a perfect measure of body fat. It is by definition the height-adjusted body weight and 

does not convey information on body composition such as percentage body fat and muscularity.  

To summarize, all regressions results show that oil consumption can correspond to relative oil prices 

and it is shown to subsequently increase individuals' body fat at a faster rate than it affects body 

weight. The policy implications are two-fold. First, by using different pricing policies, it is possible to 

effectively induce healthier food consumption patterns and thus to control the growth of obesity. 

Second, BMI contains limited information on body fat and is a less accurate measure for obesity 

especially when it applies to certain populations, such as Asians.10 It is important to raise public 

awareness that individuals need to be cautious when interpreting their degree of adiposity by using 

BMI alone, and that it goes beyond maintaining a normal body weight to ensure a healthy level of 

percentage body fat. If more direct measures of body fat such as TSF are too costly or simply 

unavailable, it would still help to watch and control daily oil consumption levels.  

                                                 
10 The WHO and NIH definition of obesity indicated by a BMI between 25 and 30 is derived by measuring mostly 
young white males only. 
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Figure I-1 Price Trend 
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Figure I-2 BMI and TSF Trend 
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Figure I-3 Percentage changes in BMI and TSF Vs. percentage changes in relative oil prices 
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Table I-1 Demographics 

 All Female Male 
Variable List N Mean N Mean N Mean
HH income 40164 13950 20826 13797 19338 14114
HH income pp 40164 3964 20826 3911 19338 4020 
Female 40164 0.52 20826 1 19338 0 
Urban 40164 0.34 20826 0.34 19338 0.34 
Age 40164 44.06 20826 44.05 19338 44.08
Obesity indicators       
BMI 40164 22.55 20826 22.67 19338 22.42
TSF (mm) 40164 13.86 20826 15.91 19338 11.64
Food Prices       
Pr(staple oil) 40164 3.79 20826 3.77 19338 3.80 
Pr(staple food) 40164 1.21 20826 1.21 19338 1.21 
Pr(vegetables) 39217 0.54 20344 0.55 18873 0.54 
Pr(lean pork) 37816 7.01 19610 6.99 18206 7.02 
P(oil)/P(staple food) 40164 3.46 20826 3.46 19338 3.46 
P(oil)/P(lean pork) 37816 0.59 19610 0.59 18206 0.59 
P(oil)/P(vegetables)  39217 9.52 20344 9.47 18873 9.58 
Physical Activity Level       
Light 40164 0.39 20826 0.42 19338 0.35 
Moderate 40164 0.17 20826 0.14 19338 0.20 
Heavy 40164 0.44 20826 0.43 19338 0.46 
Education       
No education 40164 0.25 20826 0.34 19338 0.15 
Elementary school 40164 0.22 20826 0.21 19338 0.23 
Middle School 40164 0.31 20826 0.27 19338 0.35 
HS diploma or equiv  40164 0.18 20826 0.15 19338 0.21 
Bachelor + 40164 0.05 20826 0.03 19338 0.06 
Fuel Prices (IV)       
Gasoline/L 29310 3.09 15178 3.09 14132 3.09 
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Table I-2 Effects of staple oil price relative to staple food on BMI and body fat (TSF) – log-
log model 

 Outcome: Log(BMI) Outcome: Log(TSF) 
Variables OLS RE FE OLS RE FE 

Log(staple oil/staple) -0.005 0.003 0.003 -0.153*** -0.131*** -0.079***
 [0.005] [0.002] [0.002] [0.029] [0.026] [0.028] 
Log(lean pork) -0.004 0.005* 0.006** -0.003 0.027 0.080*** 
 [0.007] [0.003] [0.003] [0.029] [0.026] [0.029] 
Log(vegetables) -0.025*** -0.010*** -0.004* 0.035* 0.029 -0.012 
 [0.004] [0.002] [0.002] [0.020] [0.019] [0.020] 
Log(BMI)    1.707*** 1.617*** 1.256*** 
    [0.043] [0.042] [0.065] 
Moderate PAL -0.015*** -0.005*** -0.001 -0.015 -0.011 0.010 
 [0.003] [0.002] [0.002] [0.012] [0.011] [0.011] 
Heavy PAL -0.042*** -0.015*** -0.005*** -0.090*** -0.071*** 0.007 
 [0.005] [0.002] [0.002] [0.017] [0.015] [0.012] 
Age  0.011*** 0.010*** 0.091*** -0.002 0.001 -0.687***
 [0.000] [0.000] [0.011] [0.001] [0.001] [0.167] 
Age squared -0.000*** -0.000*** -0.000*** -0.000 -0.000** -0.000***
 [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] 
 [0.007] [0.006] [0.008] [0.028] [0.027] [0.049] 
Log(HH income pp) 0.009*** 0.003*** 0.001 0.027*** 0.023*** 0.009 
 [0.001] [0.001] [0.001] [0.006] [0.005] [0.006] 
Urban 0.014** 0.015** dropped 0.036 0.039 dropped 
 [0.006] [0.006]  [0.026] [0.026]  
Female 0.007** 0.006** dropped 0.365*** 0.359*** dropped 
 [0.003] [0.002]  [0.013] [0.013]  
Education included included included included included included 
Year FE  included included included included included included 
Constant 2.754*** 2.791*** -0.124 -2.955*** -2.794*** 23.246***
 [0.021] [0.012] [0.395] [0.155] [0.147] [5.937] 
Observations 36905 36905 36905 36905 36905 36905 
R-squared 0.108 . 0.148 0.401 . 0.177 
Number of perid  15472 15472  15472 15472 
Robust standard errors in brackets 
*** p<0.01, ** p<0.05, * p<0.1 
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Table I-3 Effects of staple oil price relative to lean pork on BMI and body fat (TSF) – log-
log model 

 Outcome: Log(BMI) Outcome: Log(TSF) 
Variables OLS RE FE OLS RE FE 
Log(staple oil/lean 
pork) 

-0.021*** -0.005** -0.002 -0.164*** -0.141*** -0.083*** 

 [0.005] [0.002] [0.002] [0.029] [0.027] [0.026] 
Log(staple food) -0.024*** -0.007** -0.001 0.005 0.029 0.075** 
 [0.005] [0.003] [0.003] [0.028] [0.028] [0.032] 
Log(vegetables) -0.021*** -0.009*** -0.003 0.039* 0.030 -0.012 
 [0.003] [0.002] [0.002] [0.020] [0.019] [0.020] 
Log(BMI)    1.689*** 1.605*** 1.256*** 
    [0.044] [0.042] [0.065] 
Moderate PAL -0.016*** -0.005*** -0.001 -0.021* -0.015 0.010 
 [0.003] [0.002] [0.002] [0.012] [0.011] [0.011] 
Heavy PAL -0.042*** -0.015*** -0.005*** -0.087*** -0.070*** 0.007 
 [0.004] [0.002] [0.002] [0.017] [0.015] [0.012] 
Age  0.011*** 0.010*** 0.094*** -0.002 0.001 -0.687*** 
 [0.000] [0.000] [0.011] [0.001] [0.001] [0.165] 
Age squared -0.000*** -0.000*** -0.000*** -0.000 -0.000** -0.000*** 
 [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] 
Log(HH income pp) 0.009*** 0.003*** 0.001 0.028*** 0.023*** 0.009 
 [0.001] [0.001] [0.001] [0.006] [0.005] [0.006] 
Urban 0.011** 0.014** dropped 0.025 0.032 dropped 
 [0.005] [0.006]  [0.026] [0.026]  
Female 0.007** 0.006** dropped 0.365*** 0.359*** dropped 
 [0.003] [0.002]  [0.013] [0.013]  
Education included included included included included included 
Year FE  included included included included included included 
Constant 2.731*** 2.800*** -0.220 -3.180*** -2.948*** 23.244***
 [0.015] [0.011] [0.390] [0.151] [0.143] [5.894] 
Observations 36905 36905 36905 36905 36905 36905 
R-squared 0.114 . 0.147 0.402 . 0.177 
Number of perid  15472 15472  15472 15472 
Robust standard errors in brackets 
*** p<0.01, ** p<0.05, * p<0.1 
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Table I-4 Effects of relative oil price to vegetables on BMI and body fat (TSF), log-logmodel 

 Outcome: Log(BMI) Outcome: Log(TSF) 
Variables OLS RE FE OLS RE FE 
Log(staple oil/veg) 0.008** 0.007*** 0.004** -0.107*** -0.081*** -0.009 
 [0.003] [0.002] [0.002] [0.019] [0.018] [0.018] 
Log(staple food) -0.035*** -0.011*** -0.003 -0.010 0.015 0.053 
 [0.005] [0.003] [0.003] [0.028] [0.028] [0.033] 
Log(lean pork) -0.007 0.004* 0.006** -0.011 0.017 0.060** 
 [0.008] [0.002] [0.002] [0.031] [0.027] [0.029] 
Log(BMI)    1.710*** 1.624*** 1.256*** 
    [0.042] [0.042] [0.065] 
Moderate PAL -0.016*** -0.005*** -0.001 -0.018 -0.013 0.010 
 [0.003] [0.002] [0.002] [0.012] [0.011] [0.011] 
Heavy PAL -0.042*** -0.015*** -0.005*** -0.088*** -0.071*** 0.006 
 [0.005] [0.002] [0.002] [0.017] [0.015] [0.012] 
Age  0.011*** 0.010*** 0.091*** -0.002 0.000 -0.674***
 [0.000] [0.000] [0.011] [0.001] [0.001] [0.169] 
Age squared -0.000*** -0.000*** -0.000*** -0.000 -0.000** -0.000***
 [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] 
Log(HH income pp) 0.009*** 0.003*** 0.001 0.028*** 0.023*** 0.010 
 [0.001] [0.001] [0.001] [0.006] [0.005] [0.006] 
Urban 0.011** 0.014** dropped 0.024 0.031 dropped 
 [0.006] [0.006]  [0.026] [0.026]  
Female 0.007** 0.005** dropped 0.364*** 0.358*** dropped 
 [0.003] [0.002]  [0.013] [0.013]  
Education included included included included included included 
Year FE  included included included included included included 
Constant 2.755*** 2.790*** -0.122 -2.958*** -2.819*** 22.780***
 [0.021] [0.012] [0.395] [0.153] [0.146] [6.034] 
Observations 36905 36905 36905 36905 36905 36905 
R-squared 0.107 . 0.148 0.401 . 0.175 
Number of perid  15472 15472  15472 15472 
Robust standard errors in brackets 
*** p<0.01, ** p<0.05, * p<0.1 
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Table I-5 Effects of oil prices on BMI and body fat (TSF), log-log model 

 Outcome: Log(BMI) Outcome: Log(TSF) 

Variables OLS RE FE OLS RE FE 
Log(staple oil) -0.033*** -0.003 0.004 -0.274*** -0.222*** -0.085** 
 [0.007] [0.003] [0.003] [0.041] [0.036] [0.035] 
Log(staple food) -0.018*** -0.008*** -0.003 0.055* 0.065** 0.075** 
 [0.005] [0.003] [0.003] [0.030] [0.030] [0.034] 
Log(lean pork) 0.009 0.007*** 0.006** 0.052* 0.065** 0.082*** 
 [0.006] [0.003] [0.003] [0.030] [0.029] [0.031] 
Log(vegetables) -0.018*** -0.010*** -0.004* 0.063*** 0.046** -0.012 
 [0.003] [0.002] [0.002] [0.020] [0.019] [0.020] 
Log(BMI)    1.675*** 1.601*** 1.256*** 
    [0.041] [0.041] [0.065] 
Moderate PAL -0.015*** -0.005*** -0.001 -0.016 -0.012 0.010 
 [0.003] [0.002] [0.002] [0.012] [0.011] [0.011] 
Heavy PAL -0.042*** -0.015*** -0.005*** -0.088*** -0.071*** 0.007 
 [0.004] [0.002] [0.002] [0.017] [0.014] [0.012] 
Age  0.011*** 0.010*** 0.091*** -0.002 0.000 -0.686***
 [0.000] [0.000] [0.011] [0.001] [0.001] [0.167] 
Age squared -0.000*** -0.000*** -0.000*** -0.000 -0.000** -0.000***
 [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] 
Log(HH income pp) 0.009*** 0.003*** 0.001 0.027*** 0.023*** 0.009 
 [0.001] [0.001] [0.001] [0.006] [0.005] [0.006] 
Urban 0.010** 0.014** dropped 0.021 0.030 dropped 
 [0.005] [0.006]  [0.025] [0.025]  
Female 0.007** 0.006** dropped 0.366*** 0.359*** dropped 
 [0.003] [0.002]  [0.013] [0.013]  
Education included included included included included included 
Year FE  included included included included included included 
Constant 2.767*** 2.793*** -0.122 -2.816*** -2.711*** 23.216***
 [0.021] [0.012] [0.395] [0.156] [0.146] [5.953] 
Observations 36905 36905 36905 36905 36905 36905 
R-squared 0.115 . 0.148 0.408 . 0.177 
Number of perid  15472 15472  15472 15472 
Robust standard errors in brackets 
*** p<0.01, ** p<0.05, * p<0.1 
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Table I-6 Effects of oil prices relative to recommended protein and carbohydrate intake on 
BMI and body fat (TSF), log-log model 

 Outcome: Log(BMI) Outcome: Log(TSF) 
Variables OLS RE FE OLS RE FE 
Log(staple oil/rec'd meal) -0.021*** -0.002 0.001 -0.227*** -0.197*** -0.119***
 [0.006] [0.003] [0.002] [0.031] [0.028] [0.028] 
Log(BMI)    1.672*** 1.588*** 1.249*** 
    [0.044] [0.042] [0.064] 
Moderate PAL -0.015*** -0.005*** -0.001 -0.017 -0.013 0.011 
 [0.003] [0.002] [0.002] [0.012] [0.011] [0.011] 
Heavy PAL -0.041*** -0.015*** -0.005*** -0.089*** -0.070*** 0.011 
 [0.005] [0.002] [0.002] [0.017] [0.015] [0.012] 
Age  0.011*** 0.010*** 0.100*** -0.002 0.000 -0.673***
 [0.000] [0.000] [0.011] [0.001] [0.001] [0.164] 
Age squared -0.000*** -0.000*** -0.000*** -0.000 -0.000** -0.000***
 [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] 
Log(HH income pp) 0.007*** 0.002*** 0.000 0.028*** 0.024*** 0.009 
 [0.002] [0.001] [0.001] [0.006] [0.005] [0.006] 
Urban 0.006 0.013** 0.000 0.039 0.045* 0.000 
 [0.006] [0.006] [0.000] [0.026] [0.026] [0.000] 
Female 0.007** 0.005** 0.000 0.364*** 0.357*** 0.000 
 [0.003] [0.002] [0.000] [0.013] [0.013] [0.000] 
Education Included included included included included included 
Year FE  Included included included included included included 
Constant 2.805*** 2.819*** -0.427 -2.998*** -2.787*** 22.875***
 [0.016] [0.011] [0.389] [0.147] [0.140] [5.850] 
Observations 37816 37816 37816 37816 37816 37816 
R-squared 0.103 . 0.146 0.404 . 0.175 
Number of perid  15649 15649  15649 15649 
Robust standard errors in brackets 
*** p<0.01, ** p<0.05, * p<0.1 
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Table I-7 Effects of relative oil price on BMI and body fat (TSF) by gender, log-log model 

 Log(BMI) Log(TSF) 

Female   
Log oil price relative to staple food 0.003 -0.072*** 
 [0.003] [0.026] 
Log oil price relative to lean pork -0.004 -0.083*** 
 [0.003] [0.030] 
Log oil price relative to vegetables 0.003 -0.018 
 [0.002] [0.016] 
Log oil price 0.002 -0.098*** 
 [0.004] [0.034] 
Log oil price relative to rec'd meal -0.000 -0.120*** 
 [0.003] [0.030] 
Male   
Log oil price relative to staple food 0.003 -0.086** 
 [0.003] [0.036] 
Log oil price relative to lean pork 0.001 -0.085*** 
 [0.002] [0.033] 
Log oil price relative to vegetables 0.005** 0.000 
 [0.002] [0.024] 
Log oil price 0.006* -0.073 
 [0.003] [0.046] 
Log oil price relative to rec'd meal 0.003 -0.118*** 
 [0.003] [0.035] 
*** p<0.01, ** p<0.05, * p<0.1 
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Table I-8 Effects of instrumented food prices on BMI, log-log FE-IV model 

 Outcome: Log(BMI) 

Variables      
Log(staple oil/staple food) -0.039***     
 [0.012]     
Log(staple oil/lean pork)  -0.098***    
  [0.033]    
Log(staple oil/vegetables)   -0.053***   
   [0.017]   
Log(staple oil)    -0.066***  
    [0.020]  
Log(staple oil/rec'd meal)     -0.060*** 
     [0.019] 
Log(staple food)  0.009** 0.000 0.012**  
  [0.004] [0.002] [0.005]  
Log(lean pork) 0.011***  0.007*** 0.023***  
 [0.002]  [0.002] [0.005]  
Log(vegetables) -0.005*** -0.005***  -0.001  
 [0.001] [0.001]  [0.002]  
Moderate PAL 0.001 -0.001 0.001 0.000 -0.001 
 [0.002] [0.002] [0.002] [0.002] [0.002] 
Heavy PAL -0.004** -0.002 -0.004** -0.004** -0.004** 
 [0.002] [0.002] [0.002] [0.002] [0.002] 
Age  0.106*** 0.096*** 0.155*** 0.105*** 0.104*** 
 [0.009] [0.009] [0.021] [0.009] [0.008] 
Age squared -0.000*** -0.000*** -0.000*** -0.000*** -0.000*** 
 [0.000] [0.000] [0.000] [0.000] [0.000] 
Log(HH income pp) 0.000 -0.000 0.000 0.000 -0.000 
 [0.001] [0.001] [0.001] [0.001] [0.001] 
Education included included included included included 
Year FE  included included included included included 
Observations 25335 25335 25335 25335 26273 
Number of perid 8626 8626 8626 8626 8842 
WeakID test 347.6 54.93 93.98 224.5 185.2 
UnID test 340.9 54.81 93.54 221.8 183.4 
Standard errors in brackets 
*** p<0.01, ** p<0.05, * p<0.1 
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Table I-9 Effects of instrumented food prices on TSF (body fat), log-log FE-IV model 

 Outcome: Log(TSF) 
Variables      
Log(staple oil/staple food) -0.214***     
 [0.070]     
Log(staple oil/lean pork)  -0.383**    
  [0.167]    
Log(staple oil/vegetables)   -0.187**   
   [0.076]   
Log(staple oil)    -0.277***  
    [0.106]  
Log(staple oil/rec’d meal)     -0.298*** 
     [0.106] 
Log(staple food)  0.128*** 0.072*** 0.137***  
  [0.025] [0.013] [0.029]  
Log(lean pork) 0.094***  0.055*** 0.124***  
 [0.014]  [0.013] [0.027]  
Log(vegetables) -0.024*** -0.028***  -0.013  
 [0.008] [0.009]  [0.009]  
Log(BMI) 1.263*** 1.240*** 1.289*** 1.261*** 1.246*** 
 [0.048] [0.050] [0.051] [0.048] [0.048] 
Moderate PAL 0.010 0.004 0.009 0.009 0.007 
 [0.011] [0.011] [0.011] [0.011] [0.011] 
Heavy PAL 0.016 0.025* 0.012 0.017 0.020* 
 [0.012] [0.013] [0.012] [0.012] [0.011] 
Age  -0.750*** -0.792*** -0.576*** -0.754*** -0.777*** 
 [0.055] [0.052] [0.098] [0.054] [0.050] 
Age squared -0.000*** -0.000*** -0.000*** -0.000*** -0.000*** 
 [0.000] [0.000] [0.000] [0.000] [0.000] 
Log(HH income pp) 0.010** 0.009** 0.011*** 0.010** 0.011*** 
 [0.004] [0.004] [0.004] [0.004] [0.004] 
Education  included  included  included  included  included 
Year FE   included  included  included  included  included 
Observations 24245 24245 24245 24245 25083 
Number of individuals 8327 8327 8327 8327 8538 
WeakID test 371.3 68.27 148.1 273.7 212.2 
UnID test 363.2 68.05 146.9 269.4 209.7 
Standard errors in brackets 
*** p<0.01, ** p<0.05, * p<0.1 
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Chapter II. Health Implications of Obesity 

Based on the findings of the first essay, this chapter further explores health implications of obesity 

measured by TSF. I limit the sample to non-obese individuals with a BMI less than 28, and focus on 

health outcomes such as hypertension, diabetes, and overall health pertaining to everyday activities. 

The multivariate logistic regression results show that, TSF, as a proxy for body fat, is an independent 

and significant risk factor for health, among normal-weight individuals. When factors such as age, 

sex, income, education, residence type, and year fixed effects are adjusted for, a 1 percent increase in 

TSF at the mean will lead to a 0.06 percentage points increase in hypertension, a 0.003 percentage 

points increase in diabetes, and a 0.008 percentage points increase in the likelihood of being too sick 

to work, respectively. If TSF were to continue growing at the current rate, this single factor would 

lead 16.3 million more non-obese individuals to develop hypertension in 2021, according to the 

model results. The findings suggest that individuals with a normal body weight can be at risk for 

various obesity-related diseases if their body fat is high. Policy makers need to raise awareness 

among these individuals for better disease prevention and monitoring. 
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1. Background 

The first chapter shows that relative food prices can lead to high levels of body fat, but it does not 

explore how high body fat affects health among people who maintain a normal weight.  

It is known that obesity is a risk factor for hypertension, diabetes, and other cardiovascular diseases. 

The link between obesity and essential hypertension has long been confirmed by experimental, 

clinical, and observational studies (Hall 2003). Most of studies identify the risk factor with excess 

weight gain when they associate obesity with hypertension (Hall 2000). Garrison et al. also showed 

that adiposity is one of the strongest contributor to hypertension, by analyzing evidence from the 

Framingham Offspring Study (Garrison et al. 1987). Likewise, the link between obesity and diabetes 

has also been widely recognized (Mokdad et al. 2003; Hossain et al. 2007). However, little research 

has been done on the effects of varying body fat levels on health among normal-weight individuals. 

This chapter focuses on health implications of obesity on three outcomes: hypertension, diabetes, 

and illness that disrupted work, using the same dataset that includes the same individuals (although 

the sample sizes vary depending on which health outcome is being analyzed). The main question 

addressed is, whether percentage body fat plays an independent role of affecting their likelihood of 

developing certain obesity-induced diseases, for individuals who are not considered obese by the 

standard of BMI cutoffs. 
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2. Data  

This paper employs the same dataset, China Health and Nutrition Survey 1991-2006, for the health 

implication analyses. There are three outcomes of interest, which are all dummy variables.  The first 

outcome is hypertension. An individual is considered to have hypertension if (1) the systolic 

pressure is greater than or equal to 140 mmHg or the diastolic pressure is greater than or equal to 90 

mmHg, or (2) in the questionnaire one responds yes to the question “Has a doctor ever told you 

that you suffer from high blood pressure?” Because hypertension is a chronic health condition and 

is often not reversible, I code the variable as accumulative. In other words, if an individual is coded 

as having hypertension at one point, he will also be coded as having hypertension in later waves.  

The second outcome is diabetes. It is available in interview waves 1997, 2000, 2004, and 2006, where 

the questionnaire asks, “Has a doctor ever told you that you suffer from diabetes?” If the individual 

answers “yes” to that question, he is coded as having diabetes. This independent variable is also 

treated as cumulative, because like hypertension, diabetes is a chronic health condition that is mostly 

likely not reversible.  

The last health outcome is a measure of an individual’s overall health status. The questionnaire asks 

every participating adult, “During the past 3 months have you had any difficulty carrying out your 

daily activities and work or studies due to illness?” For those who answered “yes”, I assign them to 

the category of “too sick to work” in the past 3 months. This health measure is also only available in 

survey years 1997, 2000, 2004, and 2006, like diabetes. It is not coded as cumulative, because it is 

unclear what specific illness one had that interrupted work and daily activities, and whether it was a 

chronic condition.  
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Table II-1 shows the fraction of individuals who have hypertension, diabetes, or have been too sick 

to work in the past three months over time. There are about 15% interviewees with hypertension in 

1991, and the fraction rises to almost 38% in 2006. The prevalence of diabetes in the sample is much 

lower than hypertension, yet the rate of growth is comparable. The fraction of individuals diagnosed 

with diabetes is 1.45% in 1997 and it increases to 2.96% in 2006. In contrast, the percentage of 

interviewees reported to be “too sick to work” in the past 3 months remain relatively unchanged 

over time. About 4.67% adults report that they have had difficulty to work or study or carry out 

daily activities due to illness in the past 3 months in 1997. The fraction is 6.25% in 2006. 

The key independent variable is TSF (triceps skinfold thickness), which is a direct measure for 

subcutaneous body fat. The covariates include age, age quadratic, sex, type of residence, education 

attainment, per person household income, and year dummies.  

In order to explore detrimental health effects of high body fat, I limit the sample to non-obese 

individuals who have a BMI that is at least 20 but no higher than 28. The main reason for limiting to 

such a range of BMI is because those individual are usually considered to have a normal weight, and 

when they are not labeled as “obese” by the standard of BMI, they might be more likely to ignore 

obesity-related health problems even if their percent body fat is high enough to put them at risk. For 

the same reason, policy makers might also be less likely to concern this subgroup of people with 

adverse health effects related to obesity. However, Chapter I establishes that individuals who 

maintain a normal weight can also have a high body fat at the same time. It would be policy relevant 

to see whether a high percent body fat is a risk factor for various health outcomes among individuals 

without a high BMI.  
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Figure II-1, II-2, and II-3 depict the unadjusted relationship between higher body fat and the three 

health outcomes, respectively. In each of the tables, I compare the prevalence of disease between 

individuals with a TSF in the top quartile (TSF ≥ 20mm) and the rest (TSF < 20mm). The x-axis is 

BMI, and I limit the range to 20 < BMI ≤ 28. The sample does not included non-obese individuals 

who have a BMI higher than 28 because there is an insufficient number of observations with a BMI 

between 28 and 30, and that leads to unreliable (spiky) point estimates of disease prevalence.   

Figure II-1 shows that among individuals with a BMI greater than 20 but no greater than 28, having 

a TSF higher than 20mm does not elevate the likelihood of developing hypertension. According to 

the chart, except for individuals with a BMI between 20 and 21, individuals with a lower TSF are 

associated with a slightly higher fraction of hypertension. For both groups, the likelihood of having 

hypertension is positively associated with BMI. The rate of increase is gradual and smooth, and there 

is no noticeable spike near the traditional overweight cutoff at BMI = 25. However, the relationship 

shown is not adjusted by age, salt intake and other factors that influence blood pressure. 

Figure II-2 shows the relationship of TSF and diabetes.  In general, individuals with a TSF in the top 

quartile (≥ 20mm) are more likely to have diabetes than individuals with a TSF < 20mm. For 

individuals with a BMI between 21 and 24, the fraction is not consistently higher, mainly due to ups 

and downs of the curve for individuals with a TSF in the top quartile. But for individuals with a BMI 

≥ 24, the difference in prevalence is constant and invariable.  

Figure II-3 shows the fraction of individuals who are too sick to work, to go to school, or to carry 

out daily activities in the past 3 months, by TSF. It appears that (1) illness has a non-linear 

relationship with BMI. For individuals with a high TSF, the peak of illness takes place when BMI is 

between 24 and 25, and the prevalence decreases towards the two tails and rises again when BMI is 
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becoming very low (close to 20) or very high (close to 28). For individuals with a lower TSF, the 

prevalence of illness is relatively flat across BMI, but is minimized when BMI is between 23 and 25. 

Individuals with a TSF ≥ 20mm are more likely to become too sick to work than their counterparts 

when BMI is greater than 23.  

To summarize, the three figures provide mixed evidence that high TSF leads to high prevalence of 

diseases, when BMI is restricted to a normal range. However, it is clear that the correlation between 

high subcutaneous fat and worse health outcomes holds true for some diseases within certain BMI 

ranges.  

In the following section I will describe results from the regression analysis, when other relevant 

factors are being controlled for. 

 

3. Regression Analysis and Results  

Regressions are run on three health outcomes separately. For each outcome, there are two 

regression models, one with TSF in levels as the key regressor, and one with log-transformed TSF 

modeled instead. Results are shown in Table II-2, II-3, and II-4.  

Table II-2 displays two regression tables on hypertension. The analysis is limited to a subsample of 

non-obese individuals with a BMI greater than 20 but no higher than 28. Model 1 shows the odds 

ratios of coefficients where TSF is modeled in levels. Model 2 shows the odds ratios where TSF is 

log transformed. From the table, one can see that TSF is significantly and positively related with the 

likelihood of developing hypertension. And among all covariates, age, and being an urban resident 

are positively correlated with having hypertension (p<0.05), and being female decreases the chance 
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of having hypertension (p<0.01), holding all else equal. It is interesting that income does not seem 

to have any effects on hypertension, according to the table, suggesting hypertension and income are 

unrelated.  

In terms of marginal effects (not shown), at the mean value of TSF (2.523 in logs, and 12.53 in 

levels), a 1 percent increase in TSF is associated with a 0.06 percentage points increase in 

hypertension, holding all else equal. The likelihood of having hypertension would then change from 

the mean value of 22.77% to 22.83%, which is roughly an increase of 0.26%.  

Table II-3 presents regression results on diabetes. Like the analysis of hypertension, the analysis is 

also limited to a subsample of non-obese individuals with a BMI greater than 20 but no higher than 

28. Similarly, Model 1 shows the odds ratios of coefficients with TSF being modeled in levels, and 

Model 2 shows the odds ratios with TSF in logs. In both models, TSF is positively correlated with 

having diabetes (p<0.01), holding all else equal. Among other covariates, getter older, being a female, 

and living in an urban area are positively correlated with having diabetes. Education-wise, it seems 

that each additional educational degree further increases the likelihood of having diabetes, as 

compared to no education. However, the difference between having no education and having 

completed elementary schooling is not statistically significant.  

According to the marginal effects table (not shown), at the mean value of 2.60 in logs (or 13.5mm in 

levels), a 1 percent increase in TSF will lead to a 0.003 percentage points increase in the likelihood of 

having diabetes, holding all else equal. In other words, if there is a 1 percent increase in TSF from 

13.5mm, the chance of having diabetes will increase from 1.427% to 1.430%, which is roughly a 

0.24% increase in diabetes.  
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Table II-4 shows the two regressions on the outcome of being too sick to work in the past 3 months. 

I limit the analysis to individuals with a BMI range from 22 to 28, which is slightly higher than the 

range of 20 to 28, because general illness might or might not be associated with obesity, and I intend 

to focus on obesity-related illness. Without knowing exactly what disease an individual has that 

disrupts work or daily activities, I can only exclude individuals with a relatively light weight, because 

they are more likely to fall sick due to reasons other than high body fat. Some might even suffer 

from being underweight or from malnutrition, in which case more body fat might play a positive 

role in one’s health and thus could lead to confounding results. 

Like the other two outcomes, Model 1 uses TSF in levels as the key regressor, and Model 2 uses TSF 

in logs the key regressor. TSF is shown to be positively correlated with illness in both models. The 

odds ratio is 1.01 in the levels model, and is 1.18 in the logs model. Age does not seem to be a risk 

factor for being too sick to work. However, being a female as opposed to male, or living in an urban 

area as opposed to rural has a positive relationship with illness, holding all else equal. In contrast, 

education attainment appears to reduce the likelihood of becoming too sick to work. On the other 

hand, household income per person does not have, if any, effects on illness.  

In terms of marginal effects (not shown), a 1 percent increase in TSF from the mean value of 

14.88mm (or 2.70 in logs) leads to a 0.008 percentage points increase in the likelihood of being too 

sick to work. The chance of falling sick rises from 5.14% to roughly 5.15%, which is an increase of 

about 0.15%.  
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4. Discussion  

All three model specifications suggest that individuals with a normal weight can be at greater risks 

for adverse health outcomes when their body fat increases. In the results section, I present the 

regression coefficients and briefly interpret the marginal treatment effects on health outcomes by 

changing TSF by one percent. However, marginal effects can not accurately predict how 

probabilities of those health outcomes when TSF changes by a considerable magnitude.  If we ask, 

“How many more people would develop hypertension in 15 years, starting from 2006, if the TSF 

were to continue growing at the current rate and to increase by another 50%?”, we can instead 

substitute new values of TSF in the fitted model after running a logistic regression.  

Take Model 2 as an example where TSF is constructed as log transformed. In the estimated sample, 

log TSF has the mean value of 2.37 in 1991, and 2.74 in 2006. In levels, the mean values are 

10.70mm in 1991 and 15.43mm in 2006. If we assume that TSF continues to grow at the same rate, 

then TSF will be 15.43mm × (15.43 ÷ 10.70) = 22.25mm in 2021, which is 3.10 in logs. Based on 

the estimation in Model 2, the predicted probability of hypertension is 28.77%, with TSF at the 

mean value in 2006, the year being 2006, and other control variables at their mean value of all years. 

And the predicted probability of hypertension increases to 31.26%, if TSF rises to 3.10 in logs (or 

22.25mm in levels), and if the other variables stay constant. This is then a 31.26 – 28.77 ≈ 2.48 

percent points increase in the prevalence of hypertension. To extrapolate this increase to the whole 

population of China, we would have 1.3 billion × 0.75 (fraction of adults 18 yrs old+) × 0.67 

(fraction of adults with 20 ≤ BMI < 28) × 2.48% ≈ 16.3 million more people with hypertension in 

2021, among non-obese adult individuals.  
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5. Policy Implications 

This paper looks at whether and how levels of body fat adversely affect individuals’ health outcomes, 

even when they are not considered “obese” by the traditional definition of having a BMI equal or 

greater than 30. Using three separate health outcomes, hypertension, diabetes, and illness, the 

analyses show that more body fat is positively associated with worse individual health in all three 

measures, when the range of BMI is limited to between 20 and 28 (or between 22 and 28). This 

means that individuals without a high body weight can be at risk for various obesity-related diseases 

when their body fat is high. However, this group of individuals that is traditionally considered non-

obese might not be as alert for such health risks as desired because it is not the target group for 

obesity prevention and treatment at the policy level, and they indeed are maintaining a normal 

weight. If they have a high adiposity problem, the problem is rather silent, or invisible.  

Thus, the main policy implication is to raise awareness among individuals with a normal weight 

whose body fat is climbing over time. Although the benefits of awareness are hard to quantify, there 

is empirical evidence that shows effectiveness of awarness. In fact, individuals that are labeled as 

“obese” might actually experience a lower mortality rate than their counterparts. For example, 

Frijters and Baron (2009) found that obese individuals are more likely to survive a stroke or lung 

disease. They concluded that the paradox is possibly due to the fact they are identified as obese. 

Thus their health status is more closely monitored, they go to the doctor more often, and they 

receive more attentive health care. It is possible that by applying the same level of attentiveness to 

normal-weight individuals with high adiposity, they will be more successful in controlling their 

percentage fat body as well as maintaining a normal body weight. And a large number of obesity-

related diseases or even death can be prevented, or at least mitigated.  
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Figure II-1 Percent hypertension by TSF among non-obese individuals with a normal 
weight 
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Figure II-2 Percent diabetes by TSF among non-obese individuals with a normal weight 
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Figure II-3 Percent “too sick to work” by TSF among non-obese individuals with a normal 
weight 
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Table II-1 Time trend of health outcomes 

 Hypertension  Diabetes "Too sick to work"

Survey Year % N  % N % N 
1991 15.06 5,193  n/a n/a n/a n/a 
1993 22.11 4,740  n/a n/a n/a n/a 
1997 25.01 5,485  1.45 5,366 4.67 3,295 
2000 29.31 6,244  2.24 5,933 5.31 4,048 
2004 33.82 5,981  2.54 5,980 6.49 4,098 
2006 37.9 6,272  2.96 6,246 6.25 4,339 
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Table II-2 Body fat (TSF) as a risk factor for hypertension among non-obese individuals 

Outcome: Hypertension Variables 

Model 1 Model 2 
Triceps Skinfold Thickness (TSF) 1.020*** 1.381*** 
 [0.002] [0.039] 
Age  1.081*** 1.081*** 
 [0.008] [0.008] 
Age squared 1.000 1.000 
 [0.000] [0.000] 
Female 0.574*** 0.557*** 
 [0.017] [0.017] 
Urban resident 1.071** 1.064** 
 [0.032] [0.032] 
Elementary school 1.138*** 1.139*** 
 [0.046] [0.046] 
Middle School 1.091** 1.086* 
 [0.046] [0.046] 
HS diploma or equiv  0.949 0.941 
 [0.046] [0.045] 
Bachelor + 0.998 0.981 
 [0.075] [0.074] 
Household income per person 1.000 1.000 
 [0.000] [0.000] 
Wave 1993 1.642*** 1.646*** 
 [0.094] [0.095] 
Wave 1997 1.772*** 1.764*** 
 [0.098] [0.097] 
Wave 2000 1.968*** 1.948*** 
 [0.105] [0.104] 
Wave 2004 2.031*** 2.005*** 
 [0.110] [0.109] 
Wave 2006 2.275*** 2.232*** 
 [0.124] [0.122] 
Constant 0.005*** 0.003*** 
 [0.001] [0.001] 
Observations 33915 33915 
Standard errors in brackets 
*** p<0.01, ** p<0.05, * p<0.1 
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Table II-3 Body fat (TSF) as a risk factor for diabetes among non-obese individuals  

Outcome: Diabetes Variables 

Model 1 Model 2 
Triceps Skinfold Thickness (TSF) 1.016*** 1.281*** 
 [0.006] [0.122] 
Age  1.197*** 1.197*** 
 [0.038] [0.038] 
Age squared 0.999*** 0.999*** 
 [0.000] [0.000] 
Female 1.227** 1.215** 
 [0.118] [0.118] 
Urban resident 1.390*** 1.385*** 
 [0.130] [0.130] 
Elementary school 1.032 1.032 
 [0.140] [0.140] 
Middle School 1.535*** 1.535*** 
 [0.208] [0.208] 
HS diploma or equiv  1.659*** 1.655*** 
 [0.242] [0.242] 
Bachelor + 2.405*** 2.384*** 
 [0.469] [0.465] 
Household income per person 1.000 1.000 
 [0.000] [0.000] 
Wave 2000 1.322* 1.319* 
 [0.193] [0.193] 
Wave 2004 1.247 1.241 
 [0.181] [0.180] 
Wave 2006 1.331** 1.320* 
 [0.191] [0.190] 
Constant 0.000*** 0.000*** 
 [0.000] [0.000] 
Observations 23525 23525 
Standard errors in brackets 
*** p<0.01, ** p<0.05, * p<0.1 
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Table II-4 Body fat (TSF) as a risk factor for illness among overweight individuals 

Outcome: Too sick to work in the last 3 months Variables 

Model 1 Model 2 
Triceps Skinfold Thickness (TSF) 1.011** 1.178** 
 [0.005] [0.092] 
Age  0.992 0.992 
 [0.018] [0.018] 
Age squared 1.000* 1.000* 
 [0.000] [0.000] 
Female 1.216** 1.215** 
 [0.093] [0.094] 
Urban resident 1.279*** 1.278*** 
 [0.095] [0.095] 
Elementary school 0.882 0.883 
 [0.086] [0.086] 
Middle School 0.701*** 0.702*** 
 [0.075] [0.075] 
HS diploma or equiv  0.629*** 0.629*** 
 [0.077] [0.077] 
Bachelor + 0.615** 0.614** 
 [0.122] [0.122] 
Household income per person 1.000* 1.000* 
 [0.000] [0.000] 
Wave 1997 0.762** 0.987 
 [0.083] [0.151] 
Wave 2000 0.869 1.315* 
 [0.084] [0.190] 
Wave 2004 1.052 1.243 
 [0.095] [0.183] 
Constant 0.036*** 0.028*** 
 [0.017] [0.014] 
Observations 15780 15780 
Standard errors in brackets 
*** p<0.01, ** p<0.05, * p<0.1 
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Chapter III. Sexually transmitted diseases among users of erectile 
dysfunction drugs11 

 

Pharmacologic treatments for erectile dysfunction (ED) have gained widespread popularity among 

middle-aged and older males in recent years.  Increased sexual activity among users of these 

treatments would raise concerns about sexually transmitted diseases (STDs) and help identify a 

group of individuals who may benefit from discussions about safe sexual practices. To examine the 

association between STDs and ED drugs, we conducted a retrospective study from 1997 to 2006 

linking medical and drug claims data of 1,339,382 male employees above the age of 40 with private 

insurance from 49 large companies.  We utilized differential plan coverage of ED drugs and clinical 

indicators of erectile dysfunction to control for selection into ED drug use. We found that among 

men above the age of 40, 3.44 percent of ED drug users had a STD compared to 2.19 percent 

among non-users (p < 0.001).  After controlling for demographic and other co-morbid conditions, 

use of an ED drug was associated with an increased likelihood of sexually transmitted disease in the 

current year (OR = 1.52, p < 0.001) and subsequent year (OR = 1.44, p < 0.001).  Individuals with a 

disease predisposing to ED were more likely to have a STD when their employer covered ED 

treatments (246 v. 233 per 10,000 beneficiaries, p < 0.001) but were no more likely to have a STD 

when their employer did not cover these treatments (180 v. 179 per 10,000 beneficiaries, p < 0.001).  

The increased availability of ED treatments through employer coverage was estimated to directly 

increase the prevalence of STDs (OR = 1.12, p < 0.05). We concluded that users of erectile 

                                                 
11 This paper is co-authored with Anupam B. Jena, Dana P. Goldman, Amee Kamdar, and Darius N. Lakdawalla. 
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dysfunction drugs have higher rates of STDs.  Men using ED drugs should be monitored more 

closely for STDs, and discussions about safe sexual practices are recommended. Furthermore, wider 

availability of ED drugs may increase STD rates. 
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1. Motivation 

Pharmacologic treatments for erectile dysfunction (ED) have gained widespread popularity among 

middle-aged and older males in recent years.  Driven largely by the high prevalence of erectile 

difficulties in this population (Laumann et al. 1999; Johannes et al. 2000; Bacon et al. 2003; Araujo et 

al. 2004; Enzlin et al. 2004; Nicolosi et al. 2004; Laumann et al. 2005; Lindau et al. 2007), rates of 

sildenafil use reportedly reached 1.4% in the commercially insured population by 2002 (Delate et al. 

2004).  This is perhaps not surprising, since 37% of men aged 57 to 85 have some degree of erectile 

dysfunction (Lindau et al. 2007).  While their clinical efficacy has been well documented, little is 

known about the relationship between ED treatments and the prevalence of sexually transmitted 

diseases (STDs).  In light of growing evidence for rising STD cases, including AIDS cases, at older 

ages (Ory 1998; Karlovsky et al. 2004; Bodley-Tickell et al. 2008; Sharples 2008; Schmid 2009), ED 

drugs have received attention for their possible contribution to these trends (Sharples 2008; Schmid 

2009). 

Although middle-aged and older adults generally take fewer risks with their health, their decreased 

need for contraception may imply less than optimal safe sexual practices compared to younger 

populations (Lindau et al. 2006).  For example, prior research suggests that condom use declines with 

age (Patel et al. 2003; Lindau et al. 2006) and, among at-risk populations, individuals older than 50 

years are one sixth as likely to use condoms during sex and one-fifth as likely to have been tested for 

HIV compared to individuals in their twenties (Stall and Catania 1994).  Moreover, a survey of 

primary care physicians revealed that most physicians rarely or never discuss sexual risk factor 
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reduction with their middle-age or older patients (Skiest and Keiser 1997). These facts are 

particularly important in light of the emergence of ED drugs, which have improved sexual function 

among older adult males. 

Several small studies in the MSM (men who have sex with men) community have investigated the 

connection between pharmacologic ED treatments and STDs (Kim et al. 2002; Chu et al. 2003; Paul 

et al. 2005; Swearingen and Klausner 2005). In this community, ED drug use is associated with high-

risk sexual behavior, such as unprotected anal sex (Chu et al. 2003; Paul et al. 2005; Swearingen and 

Klausner 2005). ED drug users also report a greater number of recent sex partners and higher rates 

of STDs than non-users (Kim et al. 2002; Paul et al. 2005; Swearingen and Klausner 2005). While 

the measured outcomes of these studies likely reflect selection bias among users rather than the 

effect of ED drugs per se, these studies nonetheless highlight a group of individuals within the MSM 

community who are at high risk of contracting STDs. 

In light of these findings and the growing use of pharmacologic treatments for ED, we investigated 

the relationship between STDs and ED drug use in a comprehensive, large sample of privately 

insured, middle-age and older adult male beneficiaries.  To account for selection bias among users of 

ED treatments in our sample, we conducted additional analyses to examine whether the differential 

availability of ED drugs – generated by variation in employer coverage of these treatments – may 

have had a direct impact on STDs as well. 
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2. Methods 

We assembled a data set of pharmacy and medical claims from 1997 to 2006 for 49 large US 

employers covering 4,178,779 beneficiaries continuously enrolled for up to 10 years (n = 12,158,049 

person-years).  Because we were interested in STD rates among males, we restricted our sample to 

include only male beneficiaries (n = 1,970,160).  This led to a sample including 5,797,675 person-

years.  In addition, to focus on the population most likely to use erectile dysfunction drugs, we 

created a separate sub-sample of men above the age of 40 (n = 1,339,382) which included 4,292,445 

person-years.   

The pharmacy claims incorporated all prescription drug claims, each with information on the type of 

drug, drug name, national drug code, dosage, and days supplied.  The medical claims included the 

date of service, diagnosis, and procedure code.  These data have been used elsewhere to examine the 

impact of benefit design on pharmacy spending23, use of medication by the chronically-ill 

(Goldman et al. 2004; Goldman et al. 2006), and specialty drugs (Goldman et al. 2006).  Although all 

types of health care encounters were captured - including inpatient, emergency, and outpatient 

services - our claims data excluded both the informal provision of prescription drugs by online or 

“black-market” suppliers, as well as prescriptions that were filled but not reported to the health plan.  

This is, of course, a possibility for drugs used to treat erectile dysfunction.   

In each year, we classified an individual as using an erectile dysfunction drug if they filled one or 

more prescriptions in that year for either sildenafil (Viagra), tadalafil (Cialis), or vardenafil (Levitra).  

Use of any of these drugs was identified by searching the pharmacy claims data for both the generic 

and branded names of these drugs, as well as the national drug codes associated with them.   
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We classified an individual as having a sexually transmitted disease if they had at least one medical 

claim for one or more of the following: chlamydia, gonorrhea, haemophilus ducreyi, herpes, 

HIV/AIDS, human papilloma virus, lymphogranuloma venereum, or syphilis.  Disease indicators 

for these STDs were identified in the medical claims according to International Classification of 

Disease, Ninth Revision (ICD-9) diagnoses. (Full list of ICD-9 codes used are available from the 

corresponding author).  

We also constructed disease indicators for co-morbid conditions, some of which might be associated 

with the use of erectile dysfunction drugs and the likelihood of sexually transmitted disease.  

Separate disease indicators identified the following conditions: anxiety, asthma, cancer, cardiac 

disease, congestive heart failure, chronic obstructive pulmonary disease, depression, diabetes, 

hypercholesterolemia, hypertension, stroke, vascular disease.  A beneficiary was determined to have 

one of these conditions if their medical claims included 2 or more office visits with the 

corresponding ICD-9 code (available upon request).  For each person-year, we also constructed a 

separate indicator for whether a beneficiary had a condition known to predispose towards erectile 

dysfunction: anxiety, diabetes, depression, hypertension, and vascular disease. 

 

3. Statistical Analysis 

In the baseline analysis, we estimated logistic models of STD prevalence among users and non-users 

of erectile dysfunction drugs.  The unit of observation was a person-year.  We controlled for age of 

the beneficiary, co-morbid diseases, employer, and year.  In addition to estimating the relationship 

between current ED drug use and current STD, we estimated logistic models in which the 

dependent variable was the presence of a STD in the following year. 
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To investigate whether the use of ED drugs might directly lead to increases in STDs, we conducted 

additional analyses to mitigate the selection bias that might occur if high-risk individuals are more 

likely to take ED drugs.  While ED drug users might be systematically more inclined toward sexual 

risk, we hypothesized that individuals with diseases that elevate the risk of ED (e.g. diabetes, 

hypertension, anxiety, etc.) would arguably be no more inclined toward risky sex.  Under this 

hypothesis, any increased prevalence of STDs among individuals with diseases predisposing to ED 

would be attributable to the use of ED treatments.  Moreover, if this hypothesis were true, only 

those employers covering ED treatments would be expected to display a pattern of higher STD 

prevalence among individuals with greater likelihood of ED.   

This hypothesis motivated our comparison of mean STD rates among those with high and low 

“disease-based” likelihood of having ED.  And, as a further validity test, we refined this comparison 

by computing the difference in mean STD rates within employers that covered ED drugs, and 

within employers that did not cover them.  To convert these estimates into odds-ratios, we then 

estimated an analogous logistic model:  the estimated impact of ED drug coverage on STDs was the 

coefficient on the interaction between employer coverage and an indicator for high likelihood of ED 

drug use.  If the use of ED treatment drives the differences in STD prevalence between high- and 

low-likelihood patients, we would expect to see little to no difference in STD rates within employers 

that do not cover ED drugs, but significant differences in those that do.  Conversely, if the results 

are driven by an underlying correlation between disease status and the propensity for sexual risk-

taking, we would expect to see differences in STD rates within both kinds of employers. 

An employer’s coverage rules were determined empirically using the claims data: an employer was 

defined as never covering an ED drug if the rate of ED drug use was below 0.01 percent; this can be 

compared to the mean rate of use among employers of 5.21 percent.  Occasionally, employers had a 
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handful of claims for ED drugs that we interpret as special exceptions rather than full employer 

coverage of the drug (n = 26 claims out of 801,349 person-years in plans defined as not covering 

ED drugs). This resulted in 5 firms (16 firm-years) that never covered an ED drug and 44 firms that 

did (171 firm-years). 

A subtle concern with our comparison across employers is the potential for adverse selection into 

drug plans.  If sexually risky employees seek out plans with generous ED coverage, one might 

observe difference in STDs within covering employers, but not other employers, even though ED 

drugs themselves play no causal role.  However, it seems plausible to rule this out, because 

employers – even those offering multiple drug benefit packages – very rarely offer employees a 

choice of pharmacy benefit packages.  Put differently, individuals can “choose” drug plans only by 

choosing an employer.  Therefore, we make the highly plausible assumption that individuals do not 

choose their employers based primarily on ED drug coverage in that employer’s drug benefit.   

STATA version 10 (STATA Corp, College Station, Texas) was used for statistical analyses and the 

95% CI reflects .025 in each tail or P .05.  All models were clustered either at the individual level or 

employer level where appropriate. 

 

4. Results 

Figure 1 displays the use of ED drugs among men above the age of 40 in our sample. Sildenafil was 

approved for use in erectile dysfunction by the FDA in March 1998. From 1998 to 2003, sildenafil 

use among men above 40 increased from 4.38 percent to 6.25 percent in our sample. Vardenafil and 

tadalafil were approved by the FDA in September 2003 and December 2003, respectively. With the 
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arrival of these competing drugs, sildenafil use dropped to 3.65 percent in 2006, as vardenafil and 

tadalafil steadily gained market share. In 2006, the last year of our data set, sildenafil still remained 

the market leader of erectile dysfunction drugs; 3.65 percent of men above 40 used sildenafil, 1.01 

percent of men used vardenafil, and 1.73 percent of men used tadalafil. 

Table 1 presents descriptive statistics of users and non-users of erectile dysfunction drugs in our 

sample of privately insured beneficiaries.  Users of ED drugs differed in several important ways 

from non-users.  First, users tended to be older (61.1 years versus 56.6, p < 0.001).  Second, users 

had a substantially higher prevalence of STDs (3.44% versus 2.19%, p < 0.001).  Third, for most 

diseases, users had a higher prevalence of other co-morbid conditions.   

Given the various ways in which users and non-users of ED treatments differ, the unadjusted means 

presented in Table 1 do not account for how observed factors may confound the relationship 

between ED drug use and STDs.  Figure 2 presents the odds-ratio of STD from a logistic regression 

in which the outcome measure was whether or not a beneficiary had a claim for an STD in the year 

of observation.   

Figure shows 95% confidence intervals around odds ratios from a logistic regression explaining the 

presence of STDs in a population of 1,339,382 privately-insured males aged 40 and older (n = 

4,292,445 person-years) with employer-provided health insurance.  Diseases were classified 

according to ICD-9 codes available from the authors upon request.  Individuals were identified as 

using an ED drug if they filled one or more claims for either sildenafil, vardenafil, or tadalafil.  Data 

are from 1997–2006.   

Adjusting for age and other co-morbidities, Figure 2 shows that ED drug use was associated with a 

contemporaneous sexually transmitted disease (OR = 1.52, 95% CI 1.48 – 1.56).  Older age was 
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associated with a lower likelihood of STD, while all other co-morbidities except for 

hypercholesterolemia and stroke were associated with a higher likelihood of STD.  When the 

outcome measure was whether or not a beneficiary had a claim for an STD in the year following 

utilization of an ED drug, the odds-ratio of sexually transmitted disease was 1.44 (95% CI 1.38 – 

1.49, full results not shown).  Contemporaneous use of an ED drug was therefore related to both 

the current and future likelihood of sexually transmitted disease. 

To control for selection bias, we compared ED drug utilization and STDs across individuals with 

high and low clinical likelihood of ED.   

Table 2 shows that individuals with diseases predisposing to ED were more likely to utilize ED 

treatments (874 v. 457 per 10,000 beneficiaries, p < 0.001) and had a higher prevalence of STDs 

compared to individuals with lower disease-based likelihood of ED (236 v. 222 per 10,000 

beneficiaries, p < 0.001).  Comparable logistic regressions explaining ED drug use and STDs by age, 

year, and the presence of an ED-disposing condition yielded an odds-ratio for ED-disposing 

conditions of 1.59 (p < 0.001, full results not shown) and 1.20 (p < 0.001, full results not shown) 

respectively.   Under the hypothesis that individuals with and without diseases predisposing to ED 

would have nearly identical STD risks in the absence of ED treatments, these estimates imply the 

availability of these treatments would have increased STD prevalence by 236 – 222 = 14 per 10,000 

males above 40. 

Table 3 further refines the comparison in Table 2 by decomposing our results into employers that 

do and do not cover ED drugs.   

Table 3 shows how employer coverage of ED drugs affected both the use of ED drugs and the 

prevalence of STDs among beneficiaries with low and high likelihoods of ED based on diseases 
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known to predispose towards erectile dysfunction.  Among employers that did not cover ED drugs, 

there were virtually no claims for ED drugs among groups with either low or high likelihood of ED; 

the small percent of claims present were due to special exceptions (third column, top panel).  

Among employers that did cover ED drugs, those with diseases predisposing to ED were 

substantially more likely to use ED drugs than those without predisposing conditions (1,027 versus 

565 per 10,000 men, p < 0.001).   

In employers that did cover pharmacologic ED treatments, STD prevalence was significantly higher 

among those with diseases predisposing to ED (246 versus 233 per 10,000 men, p < 0.001).  At the 

same time, STD prevalence per 10,000 men was nearly identical between male beneficiaries of low 

and high likelihood of ED in employers that did not cover ED drugs (180 versus 179, p = 0.83).  

This result goes against an alternative explanation of our findings, namely that underlying sexual 

propensity might be correlated with disease status.  Therefore, using the group without ED-

associated diseases as a control, employer offers of ED drug coverage were associated with an 

increase in the prevalence of STDs of (246 – 233) – (179 – 180) = 14 per 10,000 male beneficiaries. 

Finally, logistic regression recovers the estimated impact of employer coverage of ED drugs on STD 

prevalence in terms of an odds-ratio, adjusting for age of the beneficiary and year.  When users 

without diseases known to predispose to ED served as a control group, the odds-ratio of STD was 

1.12 (95% CI, 1.03 – 1.24) among employers that covered ED drugs compared to those that did not.   
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5. Discussion 

Since the introduction of Viagra (sildenafil) in 1998, pharmacologic treatments for erectile 

dysfunction have gained increased popularity among middle-aged and older males.  By increasing 

levels of sexual activity, these treatments may, however, have had the unintended consequence of 

raising levels of sexually transmitted disease.  This is particularly important given that conversations 

with physicians about safe sexual practices likely occur more often with younger adults than with 

older ones.   

We investigated the relationship between STDs and ED drug use in a comprehensive, large sample 

of privately insured, middle-age and older adult male beneficiaries.  Generally, we found that users 

of ED drugs had substantially higher rates of sexually transmitted disease.  Because selection bias 

may threaten this comparison, we analyzed how STD rates differed across individuals with diseases 

that predispose them towards ED.  This analysis was further broken down by employers that do and 

do not cover ED drugs.  We found that ED-disposed individuals had higher rates of STDs in 

employers that covered ED drugs, but not in employers without such coverage.  Using beneficiaries 

at low risk of utilizing ED treatments as a control group, we found that employer coverage of ED 

treatments was associated with higher rates of sexually transmitted disease (OR = 1.12). 

Our analysis raises several important issues and possibilities.  First, the simple fact that STD rates are 

higher among users of ED drugs suggests a particular subset of middle-aged and older adults for 

whom renewed physician conversations about safe sexual practices may be warranted.  This is 

particularly relevant, since most primary care physicians rarely or never discuss sexual risk factor 

reduction with their middle-age and older patients (Skiest and Keiser 1997), and only 9% of adults 

aged 40-80 years report that a doctor asked them about their sexual health during a routine doctor 
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visit in the past three years (Moreira et al. 2005). Put another way, use of ED drugs by middle-aged 

and older patients may serve as a simple screening tool for physicians to use in identifying those 

patients who may benefit from reminders about safe sexual practice.  This finding coincides with 

other researchers’ recommendations that physicians should include discussions about sexual health 

in conversations with older patients (Kuehn 2008). Second, if the availability or increased insurance 

coverage of ED treatments leads to increases in STDs, a natural question is what steps, if any, 

should be taken to ensure responsible utilization of these treatments.  For example, health plans may 

consider increasing co-pays for these treatments, or manufacturers may consider including 

information about safe sexual practices as part of package inserts or direct to consumer advertising.  

Physicians may also remind their older adult patients about responsible utilization of these drugs. 

Our analysis has several limitations. First, we did not conduct a randomized control trial, which 

would be ideal in assessing the direct impact of ED drug use on STD incidence. We addressed this 

limitation in several ways, by looking at predisposing conditions to ED and differences in employer 

coverage of ED drugs.  Second, we identified users of pharmacologic ED treatments from insurance 

claims data.  Measured ED drug utilization may not capture prescriptions purchased outside of a 

patient’s health plan.  Despite this limitation, however, we still find that documented users of ED 

drugs have higher rates of STD than documented non-users.  A related concern is that individuals in 

plans that do not cover ED drugs may of course purchase these drugs without prescription.  For 

example, one study showed that sildenafil is readily available over the internet without the need for a 

physician visit (Armstrong et al. 1999). As a result, the impact of employer coverage on STD rates 

might understate the actual impact of ED drugs’ availability on STD rates.  In this sense, the 

unintended negative consequences of these therapies might be even larger than they appear.   
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Figure III-1 Use of erectile dysfunction drugs for men aged 40 and older with employer-
provided health insurance, 1997 – 2006 
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Figure III-2 Determinants of STD prevalence among privately-insured men aged 40 and 
older, Odds-ratios 
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Table III-1 Summary statistics for users and non-users of erectile dysfunction drugs among 
men aged 40 and older with employer-provided health insurance 

 Non-users Users p-value 
Average age 57.59 61.08 < 0.001 
STD (%) 2.19 3.44 < 0.001 
Anxiety (%) 0.02 0.03 < 0.001 
Asthma (%) 0.98 1.43 < 0.001 
Cancer (%) 4.62 7.98 < 0.001 
Cardiac disease (%) 8.75 11.10 < 0.001 
CHF (%) 1.53 1.39 < 0.001 
COPD (%) 0.73 0.96 < 0.001 
Depression (%) 1.91 3.24 < 0.001 
Diabetes 7.12 12.68 < 0.001 
Hypercholesterolemia (%) 6.27 10.52 < 0.001 
Hypertension (%) 14.14 24.41 < 0.001 
Stroke (%) 1.32 1.65 < 0.001 
Vascular disease (%) 0.79 0.96 < 0.001 
No. of person years 4,050,254 242,191  
Notes: Users and non-users were defined annually, according to 
whether they filled one or more claims for either sildenafil, 
vardenafil, or tadalafil. Diseases were classified according to ICD-9 
codes available from the authors upon request.  Data come from 
1997-2006.  p-values are from a t-test comparison of means. 
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Table III-2  ED drug use and STDs among men older than 40, by disease predisposing to 
erectile dysfunction 

 N Use of ED drugs 
per 10,000 men** 

Prevalence of STDs 
per 10,000 men 

No disease predisposing to 
ED 

3,190,717 457 222 

Disease predisposing to ED 1,101,728 874 236 
p-value*  < 0.001 < 0.001 
Notes: Table shows mean annual use of ED drugs and mean annual prevalence of 
STDs per 10,000 men, by presence disease predisposing towards erectile dysfunction.  
Diseases were classified according to ICD-9 codes available from the authors upon 
request.  Individuals were identified as using an ED drug if they filled one or more 
claims for either sildenafil, vardenafil, or tadalafil.  Data are from 1997–2006.  N is 
sample size. 

*p-values test for equivalence of mean use, as well as mean STD prevalence, between 
individuals with diseases that do and do not predispose to erectile dysfunction. 
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Table III-3 ED drug use and STDs among men older than 40, by employer coverage and 
disease predisposing to erectile dysfunction 

 N Use of ED drugs 
per 10,000 men** 

Prevalence of STDs 
per 10,000 men 

ED drugs not covered by employer    
No disease predisposing to ED 609,259 0.30 180 
Disease predisposing to ED 163,642 0.49 179 
p-value*  0.23 0.83 

ED drugs covered by employer    
No disease predisposing to ED 2,581,458 565 233 
Disease predisposing to ED 938,086 1,027 246 
p-value*  < 0.001 < 0.001 
Notes: Table shows mean annual use of ED drugs and mean annual prevalence of STDs 
per 10,000 men, by employer coverage of ED drugs and the presence of one of several 
diseases predisposing towards erectile dysfunction.  Diseases were classified according to 
ICD-9 codes available from the authors upon request.  Individuals were identified as using 
an ED drug if they filled one or more claims for either sildenafil, vardenafil, or tadalafil.  
Data are from 1997–2006.  N is sample size. 

*p-values test for equivalence of mean use, as well as mean STD prevalence, between 
individuals with diseases that do and do not predispose to erectile dysfunction.  

**Several plans that did not broadly cover erectile dysfunction drugs still had a trivial 
number claims for these drugs. 
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