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Add Health Choice of Biological Data

• Biological states prevalent in the general young adult population

• Biological states and processes linked to future health

• Measures that can characterize those processes

• Feasible for a large, national, longitudinal field study

• Valid and reliable



TYPES OF MEASURES



Add Health Biological Content 
Across Waves I–V

Domains Waves I, II
(ages 12–20)

Wave III
(ages 18–26)

Wave IV
(ages 24–32)

Wave V
(ages 32–40)

Anthropometric    
Omic    
Infectious 
Cardiovascular  
Inflammatory/Immune  
Metabolic  
Neurocognitive  
Pharmacoepidemiologic  
Renal 


Wave I-V revised

		Domains		Waves I, II
(ages 12–20)		Wave III
(ages 18–26)		Wave IV
(ages 24–32)		Wave V
(ages 32–40)

		Anthropometric		ü		ü		ü		ü

		Omic		ü		ü		ü		ü

		Infectious				ü

		Cardiovascular						ü		ü

		Inflammatory/Immune						ü		ü

		Metabolic						ü		ü

		Neurocognitive						ü		ü

		Pharmacoepidemiologic						ü		ü

		Renal								ü





Wave VI revised

		Domains		Waves I, II
(ages 12–20)		Wave III
(ages 18–26)		Wave IV
(ages 24–32)		Wave V
(ages 32–40)		Wave VI
(ages 38–48)

		Anthropometric		ü		ü		ü		ü		ü

		Omic		ü		ü		ü		ü		ü

		Infectious				ü

		Cardiovascular						ü		ü		ü

		Inflammatory/Immune						ü		ü		ü

		Metabolic						ü		ü		ü

		Neurocognitive						ü		ü		ü

		Pharmacoepidemiologic						ü		ü		ü

		Renal								ü		ü

		Physical										ü

		Psychiatric										ü





Wave VI - initial categories

				Domains		Waves I, II
(ages 12–20)		Wave III
(ages 18–26)		Wave IV
(ages 24–32)		Wave V
(ages 32–40)		Wave VI
(ages 38–48)

		Anthropometric		Height, weight		ü		ü		ü		ü		ü

		Anthropometric		Waist						ü		ü		ü

		Anthropometric		Neck circumference										ü

		Cardiovascular		Cardiovascular						ü		ü		ü

		Cognitive		Cognition										ü

		Developmental		Physical development		ü		ü		ü		ü		ü

		Genomic		Embedded genetic sample of ~3,000 pairs		ü		ü		ü		ü		ü

		Genomic		Genetic (buccal cell DNA)				ü		ü

		Genomic		Genetic (whole blood)								ü		ü

		Inflammatory/Immune function		Immune function						ü

		Metabolic		Metabolic						ü		ü		ü

		Microbiological		STI tests (urine)				ü

		Microbiological		HIV test (saliva)				ü

		Microbiological		Microbiome								ü		ü

		Neurological		Neuroendocrine										ü

		Pharmacoepidemiologic		Medications						ü		ü		ü

		Physical		Physical function										ü

		Renal		Renal								ü		ü







MEASURES & CLASSIFICATIONS



Wave V Biomarkers that Approximate Clinical Values
Domains Measures

REPEAT MEASURES ACROSS WAVES
Cardiovascular systolic BP, diastolic BP, pulse rate
Anthropometric weight, height, arm & waist circumference
Metabolic HbA1c , glucose, lipid panel
Inflammatory high-sensitivity C-reactive protein (hsCRP) 
Pharmacologic prescription medication use & classification

NEW MEASURES

Kidney function creatinine, cystatin C

Results returned to respondents:  HbA1c , glucose, lipid panel, creatinine



Cardiovascular
– Primary

• systolic blood pressure (SBP)
• diastolic blood pressure (DBP)
• pulse rate (PR)

Wave V Biomarkers – Measures



Wave V Biomarkers – Measures
Cardiovascular  
SBP/DBP classified according to ACC/AHA guidelines*

< 120 / 80 mm Hg Normal
120-129 / < 80 mm Hg Elevated
130-139 / 80-89 mm Hg Stage 1 Hypertension
≥ 140 / 90 mm Hg Stage 2 Hypertension

*Whelton PK, et al.  2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA
Guideline for the Prevention, Detection, Evaluation, and Management of High Blood Pressure in
Adults.  Hypertension 2018;71:1269-1324.



Wave V Biomarkers – Measures
Anthropometric

• Primary
 weight
 height
 waist circumference

• Secondary
 body mass index (BMI = weight in kg / height in m2)



Wave V Biomarkers – Measures
Anthropometric  (Classified according to NHLBI Evidence Report*)

– BMI
• < 18.5 kg/m2 Underweight
• 18.5-24.9 kg/m2 Normal
• 25.0-29.9 kg/m2 Overweight
• 30.0-34.9 kg/m2 Obesity, Stage I
• 35.0-39.9 kg/m2 Obesity, Stage II
• ≥ 40.0 kg/m2 Obesity, Stage III

– Waist
• ≤ 88 cm in ♀, ≤ 102 cm in ♂ Lower Risk
• > 88 cm in ♀, > 102 cm in ♂ High Risk

*Clinical guidelines on the identification, evaluation, and treatment of overweight and
obesity in adults – the evidence report.  Obesity Res 1998;6(S2);51S-210S.



Wave V Biomarkers – Measures
Metabolic, lipids

• Primary
 total cholesterol (TC)
 high density lipoprotein cholesterol (HDL-C)
 triglycerides (TG)



Wave V Biomarkers – Measures
Metabolic, lipids (Classified according to NCEP ATP III guidelines*)

• TC (mg/dl) < 200 desirable
200-239 borderline high
≥ 240 high

• HDL-C (mg/dl) < 40 low
≥ 60 high

• LDL-C (mg/dl) < 100 optimal
100-129 near optimal
130-159 borderline high
160-189 high
≥ 190 very high

• TG† (mg/dl) < 150 normal
150-199 borderline high
200-499 high
≥ 500 very high

*Third Report of the National Cholesterol Education Program (NCEP) on Detection, Evaluation and 
Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel III).  
†Spuriously high in the non-fasting state.



Wave V Biomarkers – Measures
Metabolic, glucose homeostasis

• Primary
 glycosylated hemoglobin (HbA1c)
 glucose



Wave V Biomarkers – Measures
Metabolic, glucose homeostasis

• Classified according to Am Diabetes Assn guidelines*
 fasting glucose

≤ 99 mg/dl normal
100-125 mg/dl impaired
≥ 126 mg/dl diabetes 

 random glucose
≥ 200 mg/dl diabetes

 HbA1c

5.7-6.4% increased risk for diabetes
≥ 6.5% diabetes

*American Diabetes Association.  Classification and Diagnosis of Diabetes:  Standards of Medical 
Care in Diabetes—2018.  Diabetes Care 2018;41(S1): S13-S27.



Wave V Biomarkers – Measures
Immune / Inflammatory

• high sensitivity C-reactive protein (hsCRP)
 classified according to CDC / AHA guidelines*

–low < 1 mg/L
–average 1-3 mg/L
–high > 3 mg/L

 values > 10 mg/L trigger search for factors capable of 
confounding hsCRP-based CVD risk estimates

*Pearson et al.  Markers of inflammation and cardiovascular disease.  Application to clinical
and public health practice.  A statement for healthcare professionals from the CDC and AHA.
Circulation 2003;107:499-511.



Wave V Biomarkers – Measures
Pharmacologic

• prescription medications
• select over-the-counter medications (salicylates/NSAIDS)
• therapeutically classifications (Multum Lexicon Plus®)
• classification examples
 antihypertensives
 antihyperlipidemics
 antidepressants
 other classes



FIELD OPERATIONS



The Home Visit at a Glance

Visit lasts 30 – 60 minutes

Staff use Add Health-provided equipment

Visit guided by Samsung tablet

Most visits Monday – Friday mornings



Scheduling In-Home Visits
• Visits are scheduled by examiner
 Monday – Friday morning or early afternoon
 Evening or Sundays (as a last resort)

 No Thursday or Friday evening / Saturday visits
→ Lab is closed on Sundays
Sunday Monday Tuesday Wednesday Thursday Friday Saturday

Morning

Afternoon

Evening



Steps of the In-Home Visit

Health 
Status

Blood 
DrawMeds

Height 
Weight 
Waist

Blood 
Pressure



Back button

Tablet Data Collection for Wave V Bio-visit

• Standardized instrument
Guides the visit
Collects factors that affect measures
Built-in skips and sub-study evaluation
Medication inventory 
Guides blood processing and shipping
 Increased data quality
Rapid receipt of the data



Wave V Biomarkers 
Cardiovascular Data Collection Protocol

• Resting & seated respondents
• Measure arm circumference, match cuff
• Systolic BP, diastolic BP & pulse rate
• Measure 3 times @ 30-sec intervals
• Average last 2 measures

*Whelton PK, et al.  2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA
Guideline for the Prevention, Detection, Evaluation, and Management of High Blood Pressure in
Adults.  Hypertension 2018;71:1269-1324.



Wave V Biomarkers 
Anthropometric Data Collection Protocol

• Respondent dressed, no shoes
• Scale placed on uncarpeted floor
• Standardized study equipment
• Measure Height, Weight, Waist



Medication Inventory
Initial Screen Entering Medication Entering Source



Exam Blood Kit Contents



Venous Whole Blood Collection
• Phlebotomists
• Fasting respondents (ideally)
• 5 or 6 vacutainer tubes collected
• Centrifuge as appropriate
• Package & ship to lab
• Provide most assay results to 

respondents who want them



Paper Version of Questionnaire
• Used only if tablet unavailable

• All calculations performed by hand

• Data must be transferred to tablet and 
uploaded within 24 hours.

• Follow all skip patterns carefully



Where Are We Today with Bio-Visits?
• 7,605 respondents consented
• 3,755 (49% of) home visits completed



Results
NUMBER, DURATION & TIME OF VISITS



Results
INTERVALS

Interval (day): consent-exam



Results
CARDIOVASCULAR MEASURES



Results
ANTHROPOMETRIC MEASURES



Results
SHIPPED BLOOD VOLUMES



Results
METABOLIC MEASURES



Results
INFLAMMATORY/RENAL MEASURES



Quality Control
Threats to Data Quality

• Poorly trained or monitored staff
• Departures from standardized protocol
• Use of heterogeneous, untested equipment
• Reliance on manual processes
• Missing data
• Measurement error

 trend / cyclicity
 digit preference
 inaccuracy
 unreliability



Quality Control
Control of Data Quality

• Uniformly train & monitor staff
• Follow standardized protocol
• Use standard, tested equipment
• Automate processes / checks
• Track / reduce missing data
• Track / reduce measurement error

 trend / cyclicity
 digit preference
 inaccuracy
 unreliability



Quality Control
Digit Preference

ANTHROPOMETRIC MEASURES



Quality Control
Digit Preference

CARDIOVASCULAR MEASURES



Quality Control
Inaccuracy

Race / 
Ethnicity Sex

Glucose
Sub-Study*

Cystatin C
Sub-Study†

White Male 12 12
Female 12 12

Black Male 12 12
Female 12 12

Hispanic Male 12 12
Female 12 12

Other Male 12 12
Female 12 12

Total 96 96
*Involves collecting an extra (NaFl/KOx) tube of blood @ the same exam for a different glucose assay.
Includes race/ethnicity-sex strata of 12 participants = 4 normal glucose + 4 pre-diabetes + 4 diabetes.
†Involves measuring cystatin c using a new calibration assay.  Includes race/ethnicity-sex strata of 12 
participants = 4 + 4 + 4 with cystatin c < 0.6, 0.6-0.7, and > 0.7 mg/L. 



Quality Control
Inaccuracy

GLUCOSE SUB-STUDY

PARTICIPANT CHARACTERISTICS

BIAS

IDENTICAL-AXIS SCATTERPLOT

Reference line = 1:1, i.e. 45°

Cystatin C sub-study is pending



Quality Control
Unreliability

Race / 
Ethnicity Sex

Intra-Individual 
Variation

Sub-Study*

White Male 12
Female 12

Black Male 12
Female 12

Hispanic Male 12
Female 12

Other Male 12
Female 12

Total 96
*Involves examining a participants 2x, 1-3 weeks apart, on ~ same day 
of week @ same time of day.



Quality Control
Unreliability
INTRA-INDIVIDUAL VARIATION STUDY

PARTICIPANT CHARACTERISTICS

BETWEEN-VISIT DIFFERENCES

RELIABILITY



• High to date!
• Still some room for improvement
• To that end, we are

 targeting the problems I highlighted
 intervening to attenuate them
 monitoring intervention effects

Summary
Quality Control



BIRTH RECORDS



Perinatal Data as…

• Outcomes

• Predictors

Birth Records
Significance



Adult Records

• 8 states

• 1974-1983

• 6,000+ records

Child Records

• 7 states

• 1988 – present

• 5,000+ records

Birth Records
Goals





Summary of Available Information on State-Level Birth Records, 1974-1983

Birth outcomes Delivery characteristics
Birth weight Labor/delivery complications
Gestation length Hospital size (e.g., < 20 beds; 100+ beds; etc)
Apgar (5-minute) Birth attendant (physician; midwife; etc)

Infant characteristics Parents’ characteristics
Infant sex Mother’s and father’s age
Birth order (singleton; 1st twin; 2nd twin; etc.) Mother’s and father’s race

Marital status

Mother’s and father’s education (years)

Pregnancy characteristics / hx Mother’s and father’s state/country of birth

Plurality Personal identifiers for linking
Month prenatal care began Child's date of birth  (mmddyy)
Total number of prenatal visits Child’s first, middle, last name
Date of last live birth Mother’s maiden name (first, middle, last)
Medical risk factors (e.g., gestational diabetes)1 Mother’s complete residence address

Complications related to pregnancy Father’s first, middle, last name
Total live births now living/now dead



• Nationally representative
 region
 population density
 school size / type
 ethnicity

• School-based sample, students grades 7-12 (n=20,745)
 80 high schools
 52 feeder schools

• Longitudinal

Add Health Design

Wave Years Mode Response Rate Age (yr)
I ‘94-’95 in-school & in-home 79%

} 12-20II ‘96 in-home 88%
III ‘01-’02 in-home 77% 18-26
IV ‘07-’09 in-home 80% 24-32
V ’16-’18 mixed 32-42

Surveillance of Chronic Disease Events



Surveillance of Chronic Disease Events
Risk Factor Distributions @ Wave IV



Surveillance of Chronic Disease Events
Surveillance Infrastructure @ Wave V

Trace, 
Screen
& Match

Investigate
& Abstract

Review, 
Classify & 
Adjudicate

1

2

3



Surveillance of Chronic Disease Events
Component Progress:  Tracing, Screening & Matching

Case Status Wave III Wave IV Wave V Total

Deceased or Unlocatable 96 131 168 395

Well-Identified (sent to NDI) 96 131 150* 377

Matched (1:1) 84 (88%) 118 (90%) 140 (93%) 342 (91%)
*Eighteen recently identified cases are pending NDI submission.

Trace, 
Screen
& Match

1



Surveillance of Chronic Disease Events
Geographic Distribution of U.S. Deaths

≥ 10
1-9
0

Decedents



Surveillance of Chronic Disease Events
Temporal Distribution of Deaths*
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*Includes 325 NDI matches; 9 international or recent, but obituary / death certificate-
confirmed deaths; and 10 deaths pending NDI submission.



Demographic Distribution of All Deaths

Characteristic Mean (Range) or %

Age, years 26.9 (22-39)

Female 33%

Race/ethnicity EA 53%

AA 23%

HL 9%

A/PI 3%

AI/AN 2%

O/M 10%

Surveillance of Chronic Disease Events



Surveillance of Chronic Disease Events
Component Progress:  Investigation & Abstraction

Execution of Add Health-State* Agreements to Provide Death Certificates

*Includes U.S. states, U.S. Army, U.S. Marines & Mexico.  †Denominator = states with an Add Health decedent.  Of 37 agreements, 
27 (73%) are with “closed” record states that required Vital Records / Statistics IRB reviews.  Agreement duration range:  1-5 years.

Investigate
& Abstract

2



Surveillance of Chronic Disease Events
Component Progress:  Investigation & Abstraction

*Not published for all deaths.  †Not releasable for 2 (<1%) of 364 deaths.  ‡Not releasable for 52 (28%) of 187 deaths.  §Unavailable for 45 
(29%) and 26 (17%) of 153 deaths either purged or without consent/authorization.

* †

‡ §



Surveillance of Chronic Disease Events
Surveillance Data Quality Control

Median (Range) Item-Specific Agreement

Abstraction Form Agreement κ*

Obituary 0.86 (0.84-0.89) 0.83 (0.80-0.86)

Coroner/Medical Examiner Report 0.90 (0.87-0.93) 0.86 (0.83-0.90)

Death Certificate 0.93 (0.92-0.95) 0.92 (0.90-0.94)
*Prevalence & bias-adjusted kappa coefficient



Surveillance of Chronic Disease Events
Manner & Underlying Cause of NDI-Matched Deaths

Manner* %

Accidental 42.9

Natural 27.2

Suicide 14.6

Homicide 12.7

Unidentified 2.6
*From death certificate

Underlying Cause* %

Motor Vehicle Accident 24.3

Suicide 13.8

Accidental Drug Intoxication 12.0

Cardiovascular Disease 11.1

Homicide 9.8

Cancer 6.5

Infectious Disease 6.2

Other Accident 4.9
*From ICD codes (NDI)



Surveillance of Chronic Disease Events
Component Progress:  Review, Classification & Adjudication

Review, 
Classify & 
Adjudicate

3

In Progress!



Summary
• Death & CVD Outcome Surveillance ongoing in this

 Nationally representative
 School-based
 Longitudinal
 Study of adolescence to mid-adulthood

• 364 deaths identified
• Most successfully investigated
• Preliminarily, > 25% due to natural causes
• Review, classification & adjudication in progress
• Stay tuned re data access!

Surveillance of Chronic Disease Events



• One of Add Health’s main strengths is its data
 rich, high-quality
 nationally representative & longitudinal
 individual, multi-contextual and biological

• Collectively, the data constitute a valuable resource
• The resource can be leveraged toward understanding population health

Wave V Biology Project
Importance of Biological Data
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