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1. More details on background and the natural experiment

Secondary education in South Korea involves a structured progression from middle school (MS) (7th through 9th grades) to either a general high school (GHS) or a vocational high school (VHS) (10th through 12th grades). Just before completing the 12th grade (in November each year), GHS students take the nationwide standardized College Scholastic Ability Test (CSAT), which constitutes the major component of the college admissions evaluation criteria along with their cumulative grade-point average during the 3-year high school period. Earning a slot in a high-ranking university, particularly the few elite universities in the country, is seen to be critically important to adolescents and their families. Challenged by fierce competition for better college and future life opportunities, many secondary school students in South Korea often sacrifice sleep time for study. Approximately 75 percent of secondary school students take extra after-school classes at private tutoring institutes or cram schools (hagwon) providing shadow education, which have been institutionalized into the South Korean education system, as with many other Asian countries. Given this scenario, it is not surprising to find that the total household expenditure on private tutoring in South Korea amounts to approximately 2.8 percent of the GDP, which is equivalent to 80 percent of the government expenditure on education.1 Expenditures on tutoring at hagwon are a major source of economic burden for middle- and low-income families,2 suggesting its potential to propagate socioeconomic disparities in education. In Seoul, the quality of hagwon in each district—measured by the number of registered students who are accepted into prestigious universities—strongly predicts district-level housing price,3 as shown by the high demand for housing in districts with many high-performing hagwon.
Aside from the financial impact of hagwon on families, concerns have also been raised over the fact that late-night classes at hagwon crowd out adolescents’ time for adequate leisure and sleep. The majority of hagwon operate until late at night, often even past midnight, primarily because students are required to stay in school quite late in the evening (spending another 2 to 3 hours after regular school hours in so-called self-study sessions that are practically mandatory). Seemingly, many students are not concerned with the negative consequences of spending hours on taking late-night classes at hagwon and consequently reducing sleep time (resulting in daytime sleepiness) that may also unduly compromise their academic performance. Ludicrous as it seems, hagwon is perceived by many to be more helpful than regular school education in equipping students with the needed test-taking skills to ensure better exam scores. The impact of these practices on students and their families prompted policymakers in South Korea to propose a curfew on hagwon operating hours, to ensure the protection of adolescents’ rights to health and happiness, including having enough time for leisure and sleep.4 Such a government action to reduce the cost of shadow education is not unprecedented. A high school equalization policy was implemented in the early 1970s with the primary goal of eliminating high school entrance exams and potentially decreasing the demand for shadow education. Another prior initiative relevant to the hagwon curfew policy was the total ban on all kinds of private tutoring in the early 1980s, which was deemed unconstitutional in the 1990s. Despite its discontinuation, the policy has since remained a controversial topic of debate in the country.
The proposed regulation on hagwon curfew, led by the Presidential Council for National Future and Vision in early 2009, advised all metropolitan and provincial education authorities to set a standard curfew prohibiting the operation of hagwon beyond 10 p.m.5-7. Determined to implement this regulation, the government guaranteed to mobilize the police for law enforcement. Despite the proposed restriction being a critical part of government efforts to reduce the household economic burden of private tutoring,2 it immediately stirred criticism from the education ministry and hagwon operators. The education ministry argued that it would be impossible to supervise and enforce the law for a large number of hagwon nationwide. Hagwon owners likewise argued that reining in students who choose to spend more time for study is simply absurd. Even the parents were pessimistic, asserting that the curfew might even stimulate an increase in the demand for private tutoring and subsequently increase fees, further widening the gap between high- and low-income earners, given that low-income households may not readily afford individual or small-group tutoring at home. As substantial resistance to the policy grew, debates on the hagwon curfew ensued and often evolved into political discourse between conservative and progressive camps.
Eventually, an agreement was reached about the curfew, which would allow the education authority in each administrative region to autonomously set hagwon operating hours, giving the regional authorities the option to change ordinances according to their regional situations.6 Seoul became the first region to adopt the “10 p.m. rule” for high school students in 2008. On March 1, 2011, three regions out of the 16 administrative regions implemented the 10 p.m. curfew for high school students. Two other regions adopted an 11 p.m. curfew in March 2011. The education ministry has sent officials to regional education offices to oversee and facilitate the regulations since 2009.8 Despite these arrangements, government officials still faced difficulties in monitoring and controlling the large number of hagwon. Thus, the government devised a civic monitoring system with a financial reward program that offers cash rewards to citizens reporting hagwon violating the regulation. These citizen patrols have come to be called the hagparazzi (hagwon paparazzi). A substantial number of violations (hagwon running past the curfew hours, if any, set by the administrative region) were reported by hagparazzi, who collectively received 3.9 billion Korean won (USD 3.49 million) between 2009 and 2012.9
2. Flow chart
eFigure 1. Flow chart for sample inclusion and exclusion
Notes: GHS = general high school; VHS = vocational high school; MS = middle school.

3. More details on DD-IV estimation

1) Graphical representation of difference-in-differences (DD) estimation 

eFigure 2. Trends in mean sleep duration and mean body mass index
[image: image1.emf]5.518

5.745

5.708

5.655

5.5

5.55

5.6

5.65

5.7

5.75

GHS 10-11th

Pre Post

Sleep Hours

20.833

20.783

20.912

20.971

20.7

20.8

20.9

21

Pre Post

BMI

5.127

5.219

5.235

5.264

5.1

5.2

5.3

GHS 12th

Pre Post

21.151

21.38

21.285

21.411

21.1

21.2

21.3

21.4

Pre Post

6.243

6.209

6.306

6.298

6.2

6.25

6.3

VHS 10-11th

Pre Post

20.881

21.052

20.788

20.991

20.75

20.85

20.95

21.05

Pre Post

6.974

7.077

7.039

7.126

6.95

7.05

7.15

MS 7-9th

Pre Post

19.942

20.012

20.054

20.126

19.9

20

20.1

Pre Post

treat control


Notes: GHS = general high school; VHS = vocational high school; MS = middle school.

While time trends and baseline (preperiod) means in sleep duration vary by sample, a marked relative increase in sleep duration between the pre and post periods is observed for the treatment group in the sample of GHS 10th−11th graders, showing the policy effect on sleep duration after taking into account common time trends and baseline differences between the treatment and control groups. Such differential time trends are not visible in the three “placebo” samples, indicating that their sleep duration is virtually unaffected by the policy change. The treatment group in the sample of GHS 10−11th graders also exhibits a perceptible relative reduction in mean BMI between the two periods, compared with its control group. By contrast, all treatment and control groups in the three placebo samples show largely parallel trends in BMI over the study period. Taken together, the natural experiment of hagwon curfew policy change induced an increase in sleep duration in the treatment group, which in turn led to a reduction in BMI in the same group, but only in the sample of GHS 10th−11th graders.
2) Wald/IV estimator as the ratio of the two DD estimates
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(Eq. 1)
where SLEEP1,1 denotes the average of sleep duration when Treatment = 1 and Post = 1, SLEEP1,0 when Treatment = 1 and Post = 0, SLEEP0,1 when Treatment = 0 and Post = 1, SLEEP0,0 when Treatment = 0 and Post = 0, and the four terms in the numerator denote the average of BMI obtained in the same way as for the four terms in the denominator.
3) Instrumental variable two-stage least squares (IV-2SLS) estimation
The following linear regression model of body mass index (BMI) is estimated with sleep duration (SLEEP) and a set of control variables (X), in the main specification. β1 is the coefficient of interest, α1 the constant, and ε the error term.
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(Eq. 2)
The causal effect of sleep gain on weight reduction is tested by examining whether the estimated coefficient β1 is negative and statistically significant. The main statistical issue is that SLEEP is potentially endogenous, implying Corr(SLEEP, ε) ≠ 0 in Eq.2. As described earlier, ε may contain many unobservable factors, which may influence both sleep duration and body weight. Therefore, the standard ordinary least squares (OLS) estimate of β1 may suffer from omitted variable bias.
This study exploits the region-level change in the hagwon closing hours in South Korea as the IV. This IV represents adolescents’ potential exposure to the policy change in hagwon curfew hours implemented as the interaction term between an indicator variable of the treatment regions (with the policy change) and an indicator variable of the post period (after the policy change). A similar identification strategy has been used in the literature 10.
The first-stage regression in the IV estimation can be specified as the following DD model (Eq. 3). In this equation, the coefficient γ1,1 on the interaction term of Treatment and Post indicators (Treatment × Post) captures the increase in sleep duration generated in the treatment regions in the post period, while controlling for the baseline difference between the treatment and control regions (captured by γ1,0 on Treatment) and the overall serial change across the pre and post periods (captured by γ0,1 on Post). 
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(Eq. 3)
If the estimated coefficient γ1,1 is large in magnitude and highly statistically significant in this first-stage regression, then the natural experiment satisfies the first condition of IV estimation that the IV (Treatment × Post) must have strong explanatory power for the potentially endogenous variable of SLEEP. Given the policy context and behavioral prediction, the expected sign of γ1,1 is positive. This increase in sleep duration is then used to estimate the causal effect of SLEEP on BMI in IV-2SLS estimation of the main model of BMI by circumventing the correlation of SLEEP with ε.
The first-stage regression model of SLEEP (Eq. 3) is estimated for all of the four samples for comparison (eTable 1). A major goal for this stage is to check for IV strength. Because only the sample of GHS 10th- and 11th-graders turns out to have a sufficiently strong IV based on the partial F-statistics, the main IV estimation focuses on this study sample. The results of the first-stage regression reflects the key results in the DD estimates for sleep duration presented in Table 2 (column 3).

eTable 1. First-stage regression of sleep hours

	
	Main sample
	
	Placebo samples

	
	GHS 10−11th
	
	GHS 12th
	VHS 10−11th
	MS 7−9th

	Variables
	[N=52,585]
	
	[N=25,892]
	[N=15,206]
	[N=98,116]

	Instrumental variable
	
	
	
	
	

	Treatment × Post
	0.252
	
	0.025
	0.034
	0.011

	
	(0.044)
	
	(0.050)
	(0.083)
	(0.027)

	Treatmenta
	−0.045
	
	0.131
	0.464
	0.114

	
	(0.052)
	
	(0.054)
	(0.089)
	(0.031)

	Post (Years 2011−2012)
	−0.021
	
	0.082
	0.122
	0.107

	
	(0.032)
	
	(0.034)
	(0.057)
	(0.020)

	Year dummies
	
	
	
	
	

	Y2009
	0.043
	
	0.092
	0.130
	0.012

	
	(0.028)
	
	(0.032)
	(0.062)
	(0.018)

	Y2010 (omitted)
	-
	
	-
	-
	-

	Y2011 (omitted)
	-
	
	-
	-
	-

	Y2012
	−0.006
	
	0.013
	−0.111
	0.044

	
	(0.027)
	
	(0.028)
	(0.047)
	(0.017)

	Female
	−0.311
	
	−0.183
	−0.367
	−0.488

	
	(0.015)
	
	(0.019)
	(0.027)
	(0.010)

	Father’s education level
	
	
	
	
	

	College or more (omitted)
	-
	
	-
	-
	-

	High school
	0.104
	
	0.080
	0.128
	0.137

	
	(0.013)
	
	(0.016)
	(0.029)
	(0.010)

	Middle school
	0.203
	
	0.184
	0.204
	0.179

	
	(0.027)
	
	(0.034)
	(0.043)
	(0.022)

	Don’t know
	0.185
	
	0.117
	0.163
	0.178

	
	(0.028)
	
	(0.043)
	(0.052)
	(0.013)

	Mother’s education level
	
	
	
	
	

	College or more (omitted)
	-
	
	-
	-
	-

	High school
	0.059
	
	−0.005
	0.089
	0.109

	
	(0.012)
	
	(0.017)
	(0.032)
	(0.010)

	Middle school
	0.045
	
	0.071
	0.122
	0.164

	
	(0.025)
	
	(0.035)
	(0.046)
	(0.023)

	Don’t know
	0.192
	
	0.129
	0.263
	0.157

	
	(0.027)
	
	(0.046)
	(0.048)
	(0.013)

	Other control variablesb
	Yes
	
	Yes
	Yes
	Yes

	Constant
	5.750
	
	5.092
	6.105
	7.215

	
	(0.040)
	
	(0.045)
	(0.099)
	(0.027)

	R-sq.
	0.051
	
	0.030
	0.055
	0.107

	Partial F-statistic
	32.977
	
	0.250
	0.164
	0.172


Notes: GHS = general high school; VHS = vocational high school; MS = middle school. aA dummy indicator for regions where ordinance on hagwon closing hours changed from midnight to 10 p.m. on March 1, 2011. bOther control variables are a set of dummy variables for region, five-category household economic status, and school grade where applicable. Standard errors are in parentheses.
These results suggest that the policy change is strongly associated with sleep duration, satisfying the first necessary condition of IV strength.
Next, we turn our attention to the other instrumental conditions.
The exclusion restriction condition requires that the policy change should affect body weight only through sleep duration. 

Stress, among others, could directly mediate the effect of the policy change on body weight: Banning late night after-school classes itself could have lowered students’ stress levels in the treatment region and, consequently, their average body weight could have decreased (with no relation to sleep duration). To probe the importance of stress in mediating the effect of the policy change on body weight, an additional analysis is conducted. 
The study data have a variable of perceived stress level using the 5-point Likert scale, which allows me to explore whether stress could play a role in the effect of the reform on weight other than through sleep duration. To this end, I first examine whether the hagwon curfew reform had any effect on stress. As is shown in the table below, it appears that the reform is associated with reduced stress levels (captured by the coefficient (−0.051 (95% CI: −0.090, −0.012)) on “Treatment × Post”, but only when sleep duration is not accounted for ([1], eTable 2-1 below). Once sleep duration is included, the reform had a small direct effect (−0.024 (95% CI: −0.062, 0.013)) on stress ([2], eTable 2-1). 
eTable 2. Stress as a possible mechanism for the effect of the policy change on body weight

eTable 2-1. Effect of the hagwon curfew reform on stress (with and without “Sleep duration” as a covariate)
	Variable
	Stress
	Stress

	
	[1]
	[2]

	Treatment × Post
	−0.051
	−0.024

	
	(−0.090, −0.012)
	(−0.062, 0.013)

	Sleep duration (in hours)
	​​​—
	−0.107

	
	
	(−0.114, −0.099)


Notes: Other explanatory variables are also included in estimation but not shown here.
Another way of probing the role of stress would be to see if substantial changes result from the inclusion of stress as an additional covariate in the existing model. Results presented in eTable 2-2 below show that adding stress in the existing model does not lead to a large change in the estimated effect of the policy change on sleep duration ([3] 0.252 → [4] 0.244).
eTable 2-2. Effect of the hagwon curfew reform on sleep duration (with and without “Stress” as a covariate)
	Variable
	Sleep duration
	Sleep duration

	
	[3]
	[4]

	Treatment × Post
	0.252
	0.244

	
	(0.166, 0.338)
	(0.159, 0.329)

	Stress
	—
	−0.158

	
	
	(−0.169, −0.146)


Notes: Other explanatory variables are also included in estimation but not shown here.

Next, I run two full IV regression models of BMI, using perceived stress level as the main explanatory variable of interest (instrumented) instead of sleep duration ([5], eTable 2-3). I also compare these results with the IV model having sleep duration as the main explanatory variable of interest (instrumented) instead of stress ([6], eTable 2-3). (This second model [6] is the same as the main model reported in the current manuscript, except that stress is now newly added as a covariate). When stress is instrumented, its estimate has a wide confidence interval (4.737 (95% CI: −3.683, 13.158) in [5], eTable 2-3), which is not surprising given that the reform had a small direct effect when sleep duration is also considered, as is shown above ([2], eTable 2-2). In contrast, when sleep duration is instrumented, stress does not seem to matter ([6], eTable 2-3): this IV estimate (−0.558) is also close to the main estimate (−0.556) reported in the current manuscript.
eTable 2-3. Effects on BMI (either “Stress” or “Sleep duration” as the instrumented variable)
	Variable
	BMI
	
	Variable
	BMI

	
	[5]
	
	
	[6]

	Stress (instrumented)
	4.737
	
	Stress 
	−0.010

	
	(−3.683, 13.158)
	
	
	(−0.094, 0.075)

	Sleep duration
	0.403
	
	Sleep duration (instrumented)
	−0.558

	
	(−0.497, 1.304)
	
	
	(−1.064, −0.052)


Notes: Other explanatory variables are also included in estimation but not shown here.

Overall, these results provide some evidence that, at least in our data, stress does not seem to play a major role in the causal pathway linking the policy reform and body weight. I do understand, however, that the result above cannot be definitive in formally excluding the possibility that stress may lie in the causal mechanism. For example, the reform could have reduced stress levels first, which then led to increased sleep duration, eventually resulting reduced BMI. Therefore, the results presented above are not intended (nor able) to exclude such a possibility but rather to explore the sensitivity of the main results depending on the consideration of stress in the model.

A third condition necessary for IV estimation in this study requires that the policy change should not share any causes with body weight. 
Weight problems were not specifically considered in the policy debates, possibly because the link between sleep duration and weight problems was simply not taken into account and/or because the relevant information on the region-level prevalence of short sleep duration or weight problems was unlikely to be available. Rather, the policy was primarily a product of complex regional politics involving the interests of the private tutoring industry advocating the freedom for business on the one hand, and the interests of civic groups advocating adolescents’ right to sleep and health on the other hand.
This requirement cannot be empirically tested directly, although previous studies have compared differences in measured covariates by the proposed IV vs. by the treatment, as a way to explore potential confounding by unmeasured covariates and often to justify the IV strategy.14 This paper follows the method proposed in Jackson and Swanson (2015)14 and examines balance of covariates across the reform (IV) in comparison with across the exposure variable. To do so, two modifications were considered in the current study. First, because the main exposure variable is not a binary variable but a continuous variable of BMI, an alternative binary variable available in the data (whether sleep duration is 6 hours or more (=1) or less (=0)) was used. Second, because the current study exploits the policy “change” as the instrument, taking advantage of data available for treatment-control regions in the pre-post periods, differences in covariates can be examined in two different ways: 1) covariate differences by the instrument (1 if region having the policy change, 0 if not) vs. by the exposure (sleeping 6+ hours) (Using the term “treatment” can be confusing here because the policy change of curfew is typically called treatment in the difference-in-differences (DD) framework.) and 2) changes in covariate differences by the instrument vs. by the exposure. Several additional variables (stress, depressive symptoms, and suicidal idea) that are not included in the list of covariates are also examined, because such variables are not easily observable and would be a source of concern for potential confounding.
The following two graphs in eFigure 3 show the results obtained using the R code provided in Jackson and Swanson (2015).14 The upper graph shows that covariates are more balanced across the instrument than across the exposure of sleeping 6+ hours (left). The results suggest that bias could be amplified in IV estimation due to the low scaling factor of 0.041 (right). The bottom graph shows that changes in covariate differences are small, which is unsurprising given the nature of DD analysis (left). The magnitude of potential bias due to unmeasured confounding between the instrument and the outcome is lessened than in the upper graph due to the higher scaling factor of 0.126. Overall, these results suggest that confounding between the instrument and the outcome is not a major concern (while the small scaling factor is).
eFigure 3. Balance of covariates
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Another requirement for IV estimation is the monotonicity assumption. In the setting of a continuous treatment variable (sleep duration in hours) in this study, the monotonicity assumption means that the policy change (IV) never decreases sleep duration. This statement is true. Because IV estimation in this study is nested in the DD framework, this assumption needs more words to be explicit than when IV estimation is used without the DD component: each individual in the three administrative regions with the policy change must have either experienced a relative gain in sleep duration in the course from the pre-policy period to the post-policy period or maintained at least the same trend in sleep duration (compared with the trend in sleep duration he or she would have experienced in any of the other regions without the policy change).

In IV estimation with a continuous treatment variable, or treatment intensity, the typical “complier,” who takes up the treatment in response to IV, does not exist. What would be the equivalent of the complier is, though, the individual whose sleep duration increases (whatever the magnitude is) as the result of the policy change (IV). Angrist and Imbens (1995)15 show that in such a case, the IV estimate is a “weighted average per-unit treatment effect” or “average causal response” (ACR) (p. 435, Angrist JD, Imbens GW. Two-stage least squares estimation of average causal effects in models with variable treatment intensity. Journal of the American statistical Association. 1995 Jun 1;90(430):431-42.) For intuition, we can think of three absurdly simplified scenarios mimicking our study: (1) Only one pupil increased her sleep duration by 1 hour (from 5 to 6 hours) in response to the policy change and consequently her BMI decreased by 0.5. If all other pupils were unresponsive to the policy change, then she has the weight of 1, and the IV estimate would be −0.5. (2) Only two pupils increased their sleep duration by 1 hour (one from 5 to 6 hours and the other from 4 to 5 hours) in response to the policy change and consequently their BMI decreased by 0.4 and 0.6, respectively. With a weight of 0.5 for both, the IV estimate would be −0.5 (= −0.4×0.5 + −0.6×0.5). (3) Of course, sleep duration does not necessarily change by one unit (1 hour). Now, two pupils increased their sleep duration by 1 hour and 2 hours (one from 5 to 6 hours and the other from 4 to 6 hours) in response to the policy change and consequently their BMI decreased by 0.4 and 1.2, respectively. With a weight of 0.5 for both, the IV estimate would be −0.5 (= −0.4×0.5 + −(1.2/2) ×0.5). In this way, further generalization can be easily made to produce a weighted average per-unit treatment effect.

The main IV estimate of this study is not LATE, as the treatment variable is sleep duration in hours. Two of the alternative treatment variables for sleep duration examined in Table 4 are dichotomous (1 if sleep hours 5 or more vs. 0 if sleep hours <5; 1 if sleep hours 6 or more vs. 0 if sleep hours <6)). In these two cases, LATE and other relevant aspects of investigation illustrated in Swanson and Hernán (2018)16 apply. For example, the proportion of compliers was 0.126 and 0.087, when the binary treatment variable was defined as sleep 6 hours or more (vs. less than 6 hours) and as sleep 5 hours or more (vs less than 5 hours). In other words, 12.6% and 8.7% were the subsets of the study population on which the IV estimation rests.

The monotonicity assumption seems reasonable in this study. Still, I can propose a thought experiment about under what circumstances might this assumption fail. That is, how could the policy change on the curfew have shortened sleep duration of any individual at all? Several scenarios are conceivable. First, many students now get home earlier because of the policy change and start playing computer games, which they would not do if they had stayed very late at hagwon before the policy change. Computer games are often so engrossing that some adolescents could end up getting to bed even later than when there was no hagwon curfew. Second, the same can be said for studying. Before the policy change, adolescents did not start studying again once they got back home (probably because it was too late to study more for the night). With the policy change, however, students now have a stretch of time to study after returning home and eventually end up sleeping less than when they stayed later at hagwon. Third, the policy change could have allowed adolescents to spend more time hanging around with their friends (instead of studying at hagwon) after 10 p.m., which might also lead to shorter sleep duration. Fourth, if students get up “much” earlier in the morning than previously because they went to bed “a little” earlier the night before than previously because of the policy change, then their net sleep duration could be shorter than without the policy change. While all these scenarios are conceivable, they are unlikely to have taken place.

Although monotonicity is not verifiable, visually checking whether two cumulative distribution functions (CDFs) for IV=1 and IV=0 cross or not has been proposed as a way to suspect possible violation of the assumption. In our study, the CDF for sleep duration with the policy (CDF_post when IV=1) and the CDF for sleep duration without (CDF_pre, IV=0) can be compared, as shown below. (For simplicity, here we ignore the DD component and compare only between pre and post periods.) This figure shows that CDF_post always lies below CDF_pre without crossing (first-order stochastic dominance), which means that sleep duration tends to move to relatively longer sleep hours than before the policy change.

eFigure 4. Cumulative density function of sleep duration in pre- and post-period
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4) Sensitivity analysis
A number of sensitivity analyses were performed to examine how robust the main IV-2SLS results were to alternative sample definitions and the IV used.
First, the main model is re-estimated twice, after excluding students with sleep hours greater than seven or eight, because there is some evidence to suggest a U-shaped relationship between sleep duration and body weight with a nadir of 7 to 8 hours, rather than a monotonic downward slope.11 
Second, re-estimation is made after excluding students who are classified as being underweight (< 5th percentile). 
Third, analysis is restricted to adolescents in metropolitan or largely urban regions, excluding six nonmetropolitan provinces in the control group. 
Fourth, the model is estimated based on postperiod data from either 2011 or 2012 only (but still based on preperiod data from 2009−2010), given the difference in duration of exposure to the new hagwon curfew. 
Fifth, separate analyses are conducted for male and female students, given the gender difference in associations between sleep duration and body weight reported in the literature.12, 13 

Sixth, GHS 12th-graders are added to the main study sample, for the sake of completeness for GHS students, although these students as a group are far less likely to be marginal students. 
Finally, because VHS 10th- and 11th-graders are irrelevant to the policy change but are of the same age as those in the main study sample, they can serve as another dimension of control for the entire main IV estimation, offering the possibility of implementing the IV estimation in a difference-in-differences-in-differences (DDD) framework.
Results from sensitivity analyses generally support the main IV estimation result (Table 5). Most of the IV estimates are close in magnitude to the main IV estimate of −0.56 kg/m2, with some differences by gender and postperiod year. The association is greater in magnitude for males (versus females) and when postperiod is restricted to 2012 (versus 2011). The stronger association found in males is also consistent with the gender difference reported in the literature.12, 13 

5) Results of exogeneity test

The following three eTables show results of the endogeneity test to formally determine whether the IV estimates are different from the ordinary least squares estimates in the results presented in Tables 3-5 of the paper. The null hypothesis is that the IV estimation result is not different from the corresponding OLS estimation result. Rejecting the null hypothesis favors IV estimation, if the IV assumptions hold. The overall results suggest evidence that sleep duration is an endogenous explanatory variable.
eTable 3. Results of endogeneity test for estimation reported in Table 3

	Outcomes
	OLS
	IV-2SLS
	H0: Exogeneity

	Body mass index (kg/m2)
	−0.103
	−0.556
	p=0.061

	Weight (kg)
	−0.391
	−1.629
	p=0.090

	Overweight/obesity (1 vs. 0)
	−0.006
	−0.042
	p=0.160


eTable 4. Results of endogeneity test for estimation reported in Table 4
	Alternative sleep variable
	OLS
	IV-2SLS
	H0: Exogeneity

	Sleep hours 5 or more (vs. <5)
	−0.196
	−1.802
	p=0.042

	Sleep hours 6 or more (vs. <6)
	−0.174
	−1.187
	p=0.050

	Bedtimea (20−28)
	0.075
	0.692
	p=0.042

	Perceived sleep adequacyb (1−5)
	0.074
	−0.927
	p=0.014


eTable 5. Results of endogeneity test for estimation reported in Table 5
	Sample definition and IV
	OLS
	IV-2SLS
	H0: Exogeneity

	Main study sample
	
	
	

	GHS 10th−11th-graders in 2009−2012
	−0.103
	−0.556
	p=0.061

	Alternative sample definition
	
	
	

	Excluding obs. with sleep hours > 8
	−0.112
	−0.614
	p=0.049

	Excluding obs. with sleep hours > 7
	−0.112
	−0.617
	p=0.097

	Excluding underweight students
	−0.079
	−0.487
	p=0.069

	Excluding nonmetropolitan control
	−0.105
	−0.538
	p=0.066

	Post period 2011 only
	−0.111
	−0.446
	p=0.222

	Post period 2012 only
	−0.119
	−0.666
	p=0.067

	Male students only
	−0.127
	−0.787
	p=0.048

	Female students only
	−0.079
	−0.333
	p=0.403

	Adding GHS 12th
	−0.109
	−0.271
	p=0.612

	Alternative IV and sample
	
	
	

	IV from DDD (adding VHS sample)
	−0.095
	−0.777
	p=0.244
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5. Analytics scripts (Stata code)
log using slpbmi20180901, replace text

disp "DateTime: $S_DATE $S_TIME"

* Analytical script using Stata 13.1 (September 2, 2018)

***************************************************

* Append Data 2009-2012 to create KYBRFS0912raw.dta

***************************************************

cd "E:\data\KYRBS"

use kyrbs2009, clear

gen year=2009

save kybrfs0912raw, replace

use kyrbs2010, clear

gen year=2010

append using kybrfs0912raw

save kybrfs0912raw, replace

use kyrbs2011, clear

gen year=2011

append using kybrfs0912raw

save kybrfs0912raw, replace

use kyrbs2012, clear

gen year=2012

append using kybrfs0912raw

save kybrfs0912raw, replace

tab year, mis // N=298,133

***************************************************

* Define basic variables

***************************************************

* YEAR/Cluster

tab year, mis

gen year_09=(year==2009)

gen year_10=(year==2010)

gen year_11=(year==2011)

gen year_12=(year==2012)

rename year_11 year11

generat _w=w

tab year if w==.

generat _cluster=cluster 

tab year if cluster==.

bysort _cluster: gen _clustern=_n

generat wt57=w if year==2005|year==2006|year==2007

generat wt810=w if year==2008|year==2009|year==2010

generat wt11=w if year==2011

generat wt12=w if year==2012

generat strata57=strata if year==2005|year==2006|year==2007

generat strata810=strata if year==2008|year==2009|year==2010

generat strata11=strata if year==2011

generat strata12=strata if year==2012

generat cluster57=cluster if year==2005|year==2006|year==2007

generat cluster810=cluster if year==2008|year==2009|year==2010

generat cluster11=cluster if year==2011

generat cluster12=cluster if year==2012

generat clusteryr=cluster+2009 if year==2009

replace clusteryr=cluster+2010 if year==2010

replace clusteryr=cluster+2011 if year==2011

replace clusteryr=cluster+2012 if year==2012

generat group57=group if year==2005|year==2006|year==2007

generat group810=group if year==2008|year==2009|year==2010

generat group11=group if year==2011

generat group12=group if year==2012

* City/Province

tab city year, mis

tab city, gen(prov_)

sum prov_*

generat ctype3c=1 if ctype=="대도시"

replace ctype3c=2 if ctype=="중소도시"

replace ctype3c=3 if ctype=="군지역"

tab ctype3c year, mis

generat ctype_gun=(ctype=="군지역")

generat ctype_mid=(ctype=="중소도시")

generat ctypemet=(ctype=="대도시")

tab ctype_gun year, mis

* Group: Metro/Mid/Gun

tab group year, mis 

* School type

generat schtype_gen=(school=="일반계고")

generat schtype_voc=(school=="특성화계고")

generat schtypemid=(school=="중학교")

tab schtype_gen year, mis 

generat schtype3c=1 if school=="중학교"

replace schtype3c=2 if school=="일반계고"

replace schtype3c=3 if school=="특성화계고" 

tab schtype3c year, mis 

* School grade

tab grade year, mis

tab grade,gen(grade_)

rename grade_1 grade1

rename grade_2 grade2

rename grade_3 grade3

gen sgr1=(grade==1|grade==4) 

gen sgr_2=(grade==2|grade==5) 

gen sgr_3=(grade==3|grade==6) 

* Age

sum age*

replace age=. if age<12 | age>18

tab age year, mis

gen cage=age-12

* Sex

generat fem=(sex==2) if sex==1 | sex==2

tab fem year, mis col

** School performance

* Questionnaire Response: convert to (1: poorest and 5: best)

generat schpf5c=6-E_S_RCRD

tab schpf5c year, mis

tab schpf5c, gen(schpf5c_)

sum schpf5c_*

** Household

* Parents' education

generat feducol=(E_EDU_F==3) if E_EDU_F!=9999

generat fedu_hs=(E_EDU_F==2) if E_EDU_F!=9999

generat fedu_ms=(E_EDU_F==1) if E_EDU_F!=9999

generat fedu_dk=(E_EDU_F==4) if E_EDU_F!=9999

generat meducol=(E_EDU_M==3) if E_EDU_M!=9999

generat medu_hs=(E_EDU_M==2) if E_EDU_M!=9999

generat medu_ms=(E_EDU_M==1) if E_EDU_M!=9999

generat medu_dk=(E_EDU_M==4) if E_EDU_M!=9999

tab medu_dk year, mis 

generat fedu4c=1 if feducol==1

replace fedu4c=2 if fedu_hs==1

replace fedu4c=3 if fedu_ms==1

replace fedu4c=4 if fedu_dk==1

generat medu4c=1 if meducol==1

replace medu4c=2 if medu_hs==1

replace medu4c=3 if medu_ms==1

replace medu4c=4 if medu_dk==1

tab fedu4c year, mis 

tab medu4c year, mis 

tab fedu4c medu4c

* HH economic status: high ref.

generat econhigh=(E_SES==1) 

generat econ_mid=(E_SES==2|E_SES==3|E_SES==4) if year>2005

replace econ_mid=(E_SES==2|E_SES==3) if year==2005

generat econ_low=(E_SES==5) if year>2005

replace econ_low=(E_SES==4) if year==2005

tab econ_low year, mis

generat hhecon5cr=E_SES if year>2005

replace hhecon5cr=. if hhecon5cr<1 | hhecon5cr>5

tab hhecon5cr year, mis

tab hhecon5cr, gen(hhecon5cr_)

ren hhecon5cr_1 hhecon5cr1 // reference = highest

** Height/Weight ***********************************************************

* height 

generat height=ht 

bysort year: sum height

* weight

generat weight=wt

bysort year: sum weight

* Perceived weight status (no data for 2008)

generat pws5c=PR_BI 

bysort year: sum pws5c

tab pws5c, gen(pws5c_)

rename pws5c_3 pws5c3 

* bmi

generat bmi=weight/(height/100)^2 

bysort year: sum bmi

* Obesity/overweight/underweight for male

generat ob_wt=(bmi>=26.35) if age==12 & fem==0

replace ob_wt=(bmi>=27.02) if age==13 & fem==0

replace ob_wt=(bmi>=27.48) if age==14 & fem==0

replace ob_wt=(bmi>=27.77) if age==15 & fem==0

replace ob_wt=(bmi>=27.89) if age==16 & fem==0

replace ob_wt=(bmi>=27.89) if age==17 & fem==0

replace ob_wt=(bmi>=27.85) if age==18 & fem==0

replace ob_wt=. if bmi==.

generat ov_wt=(23.32<=bmi & bmi<26.35) if age==12 & fem==0 

replace ov_wt=(23.93<=bmi & bmi<27.02) if age==13 & fem==0

replace ov_wt=(24.40<=bmi & bmi<27.48) if age==14 & fem==0 

replace ov_wt=(24.74<=bmi & bmi<27.77) if age==15 & fem==0 

replace ov_wt=(24.95<=bmi & bmi<27.89) if age==16 & fem==0 

replace ov_wt=(25.08<=bmi & bmi<27.89) if age==17 & fem==0 

replace ov_wt=(25.18<=bmi & bmi<27.85) if age==18 & fem==0 

replace ov_wt=. if bmi==.

generat ud_wt=(bmi<15.35) if age==12 & fem==0 

replace ud_wt=(bmi<15.82) if age==13 & fem==0 

replace ud_wt=(bmi<16.32) if age==14 & fem==0 

replace ud_wt=(bmi<16.83) if age==15 & fem==0 

replace ud_wt=(bmi<17.33) if age==16 & fem==0 

replace ud_wt=(bmi<17.80) if age==17 & fem==0 

replace ud_wt=(bmi<18.20) if age==18 & fem==0 

replace ud_wt=. if bmi==.

* Obesity/overweight/underweight for female

replace ob_wt=(bmi>=24.77) if age==12 & fem==1

replace ob_wt=(bmi>=25.38) if age==13 & fem==1

replace ob_wt=(bmi>=25.83) if age==14 & fem==1

replace ob_wt=(bmi>=26.11) if age==15 & fem==1

replace ob_wt=(bmi>=26.24) if age==16 & fem==1

replace ob_wt=(bmi>=26.24) if age==17 & fem==1

replace ob_wt=(bmi>=26.15) if age==18 & fem==1

replace ob_wt=. if bmi==.

replace ov_wt=(22.22<=bmi & bmi<24.77) if age==12 & fem==1 

replace ov_wt=(22.83<=bmi & bmi<25.38) if age==13 & fem==1 

replace ov_wt=(23.31<=bmi & bmi<25.83) if age==14 & fem==1 

replace ov_wt=(23.67<=bmi & bmi<26.11) if age==15 & fem==1 

replace ov_wt=(23.89<=bmi & bmi<26.24) if age==16 & fem==1 

replace ov_wt=(23.99<=bmi & bmi<26.24) if age==17 & fem==1 

replace ov_wt=(23.98<=bmi & bmi<26.15) if age==18 & fem==1 

replace ov_wt=. if bmi==.

replace ud_wt=(bmi<15.20) if age==12 & fem==1 

replace ud_wt=(bmi<15.71) if age==13 & fem==1 

replace ud_wt=(bmi<16.25) if age==14 & fem==1 

replace ud_wt=(bmi<16.78) if age==15 & fem==1 

replace ud_wt=(bmi<17.27) if age==16 & fem==1 

replace ud_wt=(bmi<17.68) if age==17 & fem==1 

replace ud_wt=(bmi<17.96) if age==18 & fem==1 

replace ud_wt=. if bmi==.

gen wt_ob=ob_wt

gen wt_ov=ov_wt

gen wt_ud=ud_wt

sum wt_*

generat wt4c=1 if wt_ud==1

replace wt4c=3 if wt_ov==1

replace wt4c=4 if wt_ob==1

replace wt4c=2 if wt_ud==0 & wt_ov==0 & wt_ob==0

replace wt4c=. if bmi==. | age==. | fem==.

tab wt4c

generat wt4c_c=wt4c


// Change so that Normal weight=1, Underweight=2, Overweight=3, and Obesity=4

replace wt4c_c=1 if wt4c==2

replace wt4c_c=2 if wt4c==1

tab wt4c_c

gen wt_nw=
(wt_ob==0 & wt_ov==0 & wt_ud==0) if wt_ob!=. & wt_ov!=. & wt_ud!=.

rename wt_nw wtnw

g wt3c=wt4c

recode wt3c (4=3)

tab wt4c wt3c, missing

gen ovob
=(wt4c_c==3 | wt4c_c==4) if wt4c_c!=.

gen obesity
=(wt4c_c==4) if wt4c_c!=.

*** Mental health ***************************************************

* Overall stress

generat stress= M_STR 

tab stress year, mis

gen stress_5h=6-stress if stress<=5

* Depressive symptom

generat depsx=(M_SAD==2) if M_SAD!=.

tab depsx year, mis

* Suicidal ideation

generat suici=(M_SUI_CON==2) if M_SUI_CON!=.

tab suici year, mis

* Self-reported sufficiency of sleep (2005~2012)

generat slpren=M_SLP_EN

replace slpren=. if slpren>6 | slpren<1

* Time to go to bed

generat slph=M_SLP_HR 

recode slph (1=25) (2=26) (3=27) 

replace slph=. if slph<20

generat slpm=M_SLP_MM/60 

replace slpm=. if slpm>1 | slpm<0

generat slpen=6-slpren

tab     slpen year, mis

gen slpt=slph+slpm

tab slpt year, mis

* Time to wake up

generat wakeh=M_WK_HR

tab wakeh year, mis

replace wakeh=. if wakeh<4|wakeh>8

generat wakem=M_WK_MM/60 

table wakem year, mis

replace wakem=. if wakem>1 | wakem<0

gen waket=wakeh+wakem

tab waket year, mis

* Total sleep amount

generat slpamt=(waket+24)-slpt

set more off

tab slpamt year, mis

gen slp5p=(slpamt>=5) if slpamt!=.


gen slp6p=(slpamt>=6) if slpamt!=.

sum slp*p

gen slp5m=1-slp5p

gen slp6m=1-slp6p

sum slp*m

** Region and Year variables

* Province dummies

generat seoul=(city=="서울")

generat daegu=(city=="대구")

generat gwangju=(city=="광주")

generat gyeonggi=(city=="경기") 

generat gangwon=(city=="강원") 

generat gyeongnam=(city=="경남") 

generat gyeongbuk=(city=="경북") 

generat daejeon=(city=="대전") 

generat busan=(city=="부산") 

generat ulsan=(city=="울산") 

generat incheon=(city=="인천") 

generat jeonnam=(city=="전남") 

generat jeonbuk=(city=="전북") 

generat jeju=(city=="제주") 

generat chungnam=(city=="충남") 

generat chungbuk=(city=="충북") 

* Define major cities: 광역시도 only + 경기

generat majorct=(city=="경기"|city=="광주"|city=="대구"|city=="대전"|city=="부산"|city=="서울"|city=="울산"|city=="인천")

** Key variables for IV estimation

gen treat22=(city=="경기"|city=="광주"|city=="대구") if (city!="인천" & city!="전북") 

tab treat22 if year>=2009, mis

* IV from DD

gen post1112=(year==2011 | year==2012)

gen post11=(year==2011)

gen post12=(year==2012)

gen treat22post=treat22*post1112

global iv "treat22post"

** X

# delimit;

global x "treat22 post1112 year_09 post12 

gyeonggi gwangju 

daejeon busan ulsan 

gangwon gyeongnam gyeongbuk jeonnam jeju chungnam chungbuk

fedu_* medu_* hhecon5cr_* fem grade_5"; 

# delimit cr

/* daegu*/ /*seoul*/ /*incheon jeonbuk*/ 

** Study sample: Working Sample (ws) definition: general HS 10-11th=1, GHS 12th=2, vocational HS=3, middle-school=4

set more off

* GHS 10-11

tab fem if (year>=2009 & year<=2012) & schtype3c==2 & (grade==4 | grade==5) & treat22!=. // before removing missing

ivregress 2sls 
bmi (slpamt=$iv) $x if (year>=2009 & year<=2012) & schtype3c==2 & (grade==4 | grade==5), cluster(clusteryr)

generat ws=1 if e(sample)

generat ghs=1 if e(sample)

tab ws, mis

* GHS 12

qui ivregress 2sls 
bmi (slpamt=$iv) $x if (year>=2009 & year<=2012) & schtype3c==2 & (grade==6), cluster(clusteryr) 

replace ws=2 if e(sample)

tab ws, mis

* VHS 10-11 

qui ivregress 2sls 
bmi (slpamt=$iv) $x if (year>=2009 & year<=2012) & schtype3c==3 & (grade==4 | grade==5), cluster(clusteryr)  

replace ws=3 if e(sample)

replace ghs=0 if e(sample)

tab ws ghs, mis

* MS

* Change $x to $ms: change grade_5 to grade_*

global ms "treat22 post1112 post12 year_09 gyeonggi gwangju daejeon busan ulsan gangwon gyeongnam gyeongbuk jeonnam jeju chungnam chungbuk fedu_* medu_* hhecon5cr_* fem grade2 grade3"

ivregress 2sls 
bmi (slpamt=$iv) $ms if (year>=2009 & year<=2012) & schtype3c==1, cluster(clusteryr)

replace ws=4 if e(sample)

tab ws, mis

label define samplelabel 1 "GHS" 2 "GHS12"  3 "VHS" 4 "MS"

label values ws samplelabel

tab ws, mis

tab ws

********************************

*** Results: Tables

********************************

*** Table 1: Summary statistics

qui ivregress 2sls 
bmi (slpamt=$iv) $x if ws==1, cluster(clusteryr) 

#delimit;

sum bmi weight height ovob

slpamt slp5m slp6m slpt slpen

treat22post

treat22 post1112

year_09 post12

fem grade_5

fedu* medu* hhecon5cr1 hhecon5cr_* if e(sample), sep(0);

#delimit cr

*** Table 2: Difference-in-differences and Wald

* Number of observations

tab post1112 treat22  if ws==1

tab post1112 treat22  if ws==2

tab post1112 treat22  if ws==3

tab post1112 treat22  if ws==4

table post1112 treat22, by(ws) c(n slpamt)

* Columns (1) and (2)

table post1112 treat22, by(ws) c(m slpamt)

* Columns (4) and (5)

table post1112 treat22, by(ws) c(m bmi)

/*

* Sleep Differences from top to bottom in Column (3)

forvalues s=1/4{

forvalues t=0/1{

reg slpamt treat22 if ws==`s' & post1112==`t'

}

}

* BMI Differences from top to bottom in in Column (6)

forvalues s=1/4{

forvalues t=0/1{

reg bmi treat22 if ws==`s' & post1112==`t' 

}

}

* Sleep Differences from left to right in Rows (3) (6) (9) (12)

forvalues s=1/4{

forvalues p=0/1{

reg slpamt post1112 if ws==`s' & treat22==`p'

}

}

* BMI Differences from left to right in Rows (3) (6) (9) (12)

forvalues s=1/4{

forvalues p=0/1{

reg bmi post1112 if ws==`s' & treat22==`p'

}

}

*/

* Sleep and BMI: Wald as ratio of Difference-in-Differences from left to right in Rows (3) (6) (9) (12)

forvalues s=1/4{

reg slpamt 
treat22post post1112 treat22  if ws==`s' /* & post1112==`t' & treat22==`p' */ 


scalar wald_den=_b[treat22post]

reg bmi 
treat22post post1112 treat22  if ws==`s' /* & post1112==`t' & treat22==`p' */ 


scalar wald_num=_b[treat22post]


di "DD estimate from calculation = " wald_num/wald_den

ivregress 2sls 

bmi (slpamt=$iv) post1112 treat22 if ws==`s' 


di "DD estimate from IV regression = " _b[slpamt]

}

*

*** IV Firsrt-stage regression (Supplemental Digital Content Table)

set more off

forvalues s=1/3{

regress slpamt $iv $x if ws==`s' , cluster(clusteryr) 

ivregress 2sls 

bmi (slpamt=$iv) $x if ws==`s', cluster(clusteryr) first


estat firststage

}

regress slpamt $iv $ms if ws==4, cluster(clusteryr) 

ivregress 2sls 

bmi (slpamt=$iv) $ms if ws==4, cluster(clusteryr)  first


estat firststage

*** Table 3: Main IV estimation

** BMI

reg 



bmi slpamt $x if ws==1, cluster(clusteryr) 

ivregress 2sls 

bmi (slpamt=$iv) $x if ws==1, cluster(clusteryr) first


estat firststage


estat endogenous

** Weight in kg

regress weight slpamt $x if ws==1, cluster(clusteryr) 

ivregress 2sls 
weight (slpamt=$iv) $x if ws==1, cluster(clusteryr)


estat firststage


estat endogenous

** Overweight/obesity

regress ovob slpamt $x if ws==1, cluster(clusteryr) 

ivregress 2sls 
ovob (slpamt=$iv) $x if ws==1, cluster(clusteryr)


estat firststage


estat endogenous

** Table 4: Effect of other sleep variables (binary and slpt & slpen) on BMI

foreach slpvar of varlist slp5p slp6p slpt slpen {

reg 

bmi `slpvar' $x if ws==1, cluster(clusteryr) 

ivregress 2sls 

bmi (`slpvar'=$iv) $x if e(sample), first cluster(clusteryr)


estat endogenous


estat firststage

}

*

*** Table 5: Robustness checks

** Same IV, different samples

* Main estimate

reg 



bmi slpamt $x if ws==1, cluster(clusteryr) 

ivregress 2sls 

bmi (slpamt=$iv) $x if ws==1, cluster(clusteryr) first


estat firststage


estat endogenous

* Excluding observations with sleep hours > 8

reg 



bmi slpamt $x if ws==1 & slpamt<=8, cluster(clusteryr) 

ivregress 2sls 

bmi (slpamt=$iv) $x if ws==1   & slpamt<=8, first cluster(clusteryr)


estat firststage


estat endogenous

* Excluding observations with sleep hours > 7

reg 



bmi slpamt $x if ws==1 & slpamt<=7, cluster(clusteryr) 

ivregress 2sls 

bmi (slpamt=$iv) $x if ws==1   & slpamt<=7, first cluster(clusteryr)


estat firststage


estat endogenous


* Excluding observations with underweight (wt4c=1)

reg 



bmi slpamt $x if ws==1 & wt4c!=1, cluster(clusteryr) 

ivregress 2sls 

bmi (slpamt=$iv) $x if ws==1   & wt4c!=1, first cluster(clusteryr)


estat firststage


estat endogenous


* Excluding non-metro control regions

reg 



bmi slpamt $x if ws==1 & majorct==1, cluster(clusteryr) 

ivregress 2sls 

bmi (slpamt=$iv) $x if ws==1  & majorct==1, first cluster(clusteryr)


estat firststage


estat endogenous

* Post 2011 only (Excluding 2012)

reg 



bmi slpamt $x if ws==1 & year!=2012, cluster(clusteryr) 

ivregress 2sls 

bmi (slpamt=$iv) $x if ws==1  & year!=2012, first cluster(clusteryr) 


estat firststage


estat endogenous

* Post 2012 only (Excluding 2011)

reg 



bmi slpamt $x if ws==1 & year!=2011, cluster(clusteryr) 

ivregress 2sls 

bmi (slpamt=$iv) $x if ws==1  & year!=2011, first cluster(clusteryr) 


estat firststage


estat endogenous


* Gender difference?

* Male

reg 



bmi slpamt $x if ws==1 & fem==0, cluster(clusteryr) 

ivregress 2sls 

bmi (slpamt=$iv) $x if ws==1 & fem==0, cluster(clusteryr) first


estat firststage


estat endogenous


* Female

reg 



bmi slpamt $x if ws==1 & fem==1, cluster(clusteryr) 

ivregress 2sls 

bmi (slpamt=$iv) $x if ws==1 & fem==1, cluster(clusteryr) first


estat firststage


estat endogenous


* Including GHS 12th graders

** X

# delimit;

global x "treat22 post1112 year_09 post12 

gyeonggi gwangju 

daejeon busan ulsan 

gangwon gyeongnam gyeongbuk jeonnam jeju chungnam chungbuk

fedu_* medu_* hhecon5cr_* fem grade_*"; 

# delimit cr

reg 



bmi slpamt $x if ws==1 | ws==2, cluster(clusteryr) 

ivregress 2sls 

bmi (slpamt=$iv) $x if ws==1  | ws==2, first cluster(clusteryr) 


estat firststage


estat endogenous

* IV from DDD

* One IV from DDD: post1112 => post

gen g_treat22post=ghs*treat22post

global iv "g_treat22post"

gen g_treat22 = ghs*treat22

gen g_post1112 = ghs*post1112

** X: 

# delimit;

global x "

ghs

g_treat22 g_post1112 

treat22post

treat22 post1112

post12 year_09 

gyeonggi gwangju 

daejeon busan ulsan 

gangwon gyeongnam gyeongbuk jeonnam jeju chungnam chungbuk

fedu_* medu_* hhecon5cr_* fem grade_5"; 

# delimit cr

reg 



bmi slpamt $x if (ws==1 | ws==3), cluster(clusteryr) 

* reg 



bmi $iv $x if (ws==1 | ws==3),  cluster(clusteryr)  // Reduced-from BMI

ivregress 2sls 

bmi (slpamt=$iv) $x if (ws==1 | ws==3), cluster(clusteryr) first


estat firststage


estat endogenous

disp "DateTime: $S_DATE $S_TIME"

log close

Initial inclusion (N=286,897)


GHS 10-11 (n=73,746)


GHS 12 (n=36,225)


VHS 10-11 (n=25,146)


MS (7-9) (n=151,750)





Analytic sample (N=255,167)


GHS 10-11 (n=65,956)


GHS 12 (n=32,398)


VHS 10-11 (n=22,185)


MS (7-9) (n=134,628)





 Final sample (N=191,799)


GHS 10-11 (n=52,585)


GHS 12 (n=25,892)


VHS 10-11 (n=15,206)


MS (7-9) (n=98,116)





Exclusion (n=31,700)


- Curfew 11 p.m. in 2 regions





Exclusion (n=63,368)


- Any missing values for study variables


GHS 10-11 (n=13,371)


GHS 12 (n=6,506)


VHS 10-11 (n=6,979)


MS (7-9) (n=36,512)
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