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Study Context: Heat-Kidney Connection
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• Acute Risk: Heat waves ó10–25% increase in hospitalizations for 
acute kidney injury

• Workday Impact: transient rise in serum creatinine (the primary 
marker of kidney function) across a single workday in heat-exposed 
workers

• Global Epidemic: Specific low-lying, high-heat regions (e.g., Sri 
Lanka, El Salvador, Nicaragua) are seeing an epidemic of CKDu 
(Chronic Kidney Disease of unknown etiology) among working-age 
populations

• Compounding Effects: Heat stress can significantly amplify the 
progression of pre-existing kidney disease
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“Does repetitive heat stress from extended work in hot 
environments lead to kidney dysfunction?”

Existing Cal OSHA standards 
(enforceable)

🚰 Water: Free, Cool, & Close

⛱ Shade: Required at 80F+; 
Universal access

⏱ Rest: Encouraged & On-request

OSHA: US OccupaEonal Safety and Health AdministraEon 
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“Does repetitive heat stress from extended work in hot 
environments lead to kidney dysfunction?”

Is this 
enough?

Existing Cal OSHA standards 
(enforceable)

🚰 Water: Free, Cool, & Close

⛱ Shade: Required at 80F+ (27C+); 
Universal access

⏱ Rest: Encouraged & On-request



Pilot Study: 3-arm Crossover Trial
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Control: Cal OSHA standards

Bandana

Mi3s



Core Temperature
Measurement: Continuous core temperature monitoring via ingested 

telemetric pills
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Raw Data:
~ 480 observations 

per person/day 
(8-hour shift)



Today’s talk

Population: Agricultural workers in California's Central Valley.

Problem: Occupational heat stress is often assessed via sporadic 
measurements, which miss cumulative "thermal load".

Objective: To evaluate the feasibility and comparative efficacy of cooling 
bandanas and mitts in a field setting. 

Focus: How to handle minute-by-minute core temperature data using 
Stata.
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Some issues we will need to handle
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Some issues we will need to handle

10

Missing Data



Some issues we will need to handle
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Missing Data

Sudden temperature drops (“arEfact”)  



Common protocols include
1. Change temperature artifacts to missing
2. Correction of “islands in the data”
3. 20% exclusion rule (drop days with insufficient data)
4. Missing data interpolation
5. Smoothing
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The data
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trial_week: 1, 2, 3
trial_arm: 0 (Control), 1 (Bandana), 2 (Mitts)
work_time:  9.5-14 corresponding to time 9:30 to 14:00
temperature – observed value 

N individuals = 20

Note: 
breaks at 8:30 and 13:00 for 15 min 
lunch at 10:00 for 45 min



Temperature Conversion Chart
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Getting data ready
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Change temperature artifacts to missing
Artifact: where the rate of change exceeds the body's thermal inertia 
(> 0.1C or ~0.18F /min).

16 Mitchell et al, 2017. California Heat Illness Prevention Study (CHIPS)



Correction of “islands in the data”
• Issue arises when algorithm 

correctly flags ”artifacts” but 
maintains temperatures at low 
levels because those are stable
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• Look for islands of data 
surrounded by missing values 
and low temperatures. I restrict to 
6-minute intervals.



Correction of “islands in the data”
• Issue arises when algorithm 

correctly flags ”artifacts” but 
maintains temperatures at low 
levels because those are stable

18

• Look for islands of data 
surrounded by missing values 
and low temperatures. I restrict to 
6-minute intervals.



Missing data interpolation
• After removing the “island”
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• Interpolate missing temperatures 
using natural cubic splines 

• MIPOLATE: Stata module to 
interpolate yvar on xvar for 
missing values of yvar

• Take care to specify panels if 
needed



Missing data interpolation
• After removing the “island”
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• Interpolate missing temperatures 
using natural cubic splines 

Note that interpolaEon requires the 
missing value to be in between 
observed values



Complete sequence
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Handling large amounts of missing data: 20% rule
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Signal Smoothing
• We apply LOWESS to capture the broad functional form
1.Removing remaining measurement artifacts
2.Acts as a "low-pass filter," removing the noise while preserving the 

meaningful "functional arch" of the worker's shift
3.Reduce the residual variance, leading to more stable and reliable 

parameter estimates
4.Accurate integration for AUC: area better estimated with a continuous 

and representative trajectory
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Signal Smoothing
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What was the weather like during those 3 weeks?
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Observed Max Temps

Week 1: 77.4 - 87.7 F
                25.2 – 30.9 C

Week 2: 73 – 81 F
                22.3 – 27.2 C

Week 3: 73.2 – 78.2 F
                22.9 – 25.7 C



Santa Rosa averaged 79.9F highs compared to 87.9F in 2024
      26.6C      31.1C 
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Analysis: Are the Cal OSHA standards enough?
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Pilot Study: 3-arm Crossover Trial
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Control: Cal OSHA standards

Bandana

Mi3s



Kdensity weighted local polynomial estimates
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Limitations of "Snapshot" Metrics
• Maximum Core Temperature (T_max)
• Measure of acute safety

• Time Above Threshold
• Duration: Minutes where Temp > 100.4F

• Delta Temperature
• Net change from morning baseline to day’s peak (T_max - T_start)
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Limitations of "Snapshot" Metrics
• Maximum Core Temperature (T_max)
• High intensity
• but ignores how long it lasted

• Time Above Threshold
• Captures duration
• but ignores how high the temperature went

• Delta Temperature
• Captures individual change
• but ignores the accumulated temperature effect throughout the shift
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Quantifying Thermal Load: Area Under the Curve (AUC)

• Measure of cumulative “heat-strain”
• Captures both the intensity AND duration of heat exposure rather 

than a single peak value
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How to calculate AUC?
The Trapezoidal Rule: area = height (Temperature) x width (Time interval)
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Results: AUC basic statistics



Effect of interventions on mean AUC
• Mixed effects model
• To account for the nested structure

• Observation i nested within worker j
• Random intercept: allows each worker to have their own baseline
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Sensitivity to Model Specifications 
Model 1: Arm only
Model 2: + Trial Week
Model 3: + Carryover
Model 4: + Baseline Temp
Model 5: Full Model (Demographics)
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Summary
• Code for signal Processing to handle temperature dips, islands, 

missingness and data smoothing 
• Used fillin and mipolate to ensure our time-series was continuous and 

ready for analysis
• Use of lowess for signal smoothing
• AUC to capture the cumulative "thermal debt”
• Use of stripplot and coefplot to enhance visualization
• Leveraged the Stata community (SSC) who graciously provide user-

written packages like heatplot and labmask 
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Command/Function Source/Package Description

fillin Built-in
Rectangularizes the dataset by creating observations for 
missing worker-shift-time combinations.

tsset / xtset Built-in
Declares the data to be time-series or panel data, enabling 
lead/lag operators and longitudinal analysis.

mipolate ssc install mipolate
Performs linear interpolation to fill gaps in telemetric pill data 
before smoothing.

lowess Built-in
Applies Locally Weighted Scatterplot Smoothing to isolate 
physiological trends from sensor noise.

labmask ssc install labutil
Assigns variable values (like worker IDs or shift dates) as 
labels to another variable for cleaner axis formatting.

heatplot ssc install heatplot
Creates "Lexis" style grids or spatio-temporal maps of 
temperature intensity over the course of a shift.

stripplot ssc install stripplot
Enhanced alternative to dotplot and boxplot; used here to 
overlay means and jittered raw data.

integ Built-in
Uses the trapezoidal rule to calculate the Area Under the 
Curve (AUC) for cumulative heat strain.

mixed / margins Built-in
Fits multi-level models to account for nested data; margins 
calculates predicted thermal loads per arm.

coefplot ssc install coefplot
Visualizes model coefficients and confidence intervals, 
making the mixed-effects results easy to interpret.



Thank you!
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