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Abstract

Background: Over the last decades, diabetes in youth has increased in both India and the U.S., 

along with the burden of long-term complications and healthcare costs. However, there are limited 

standardized population-based data in contemporary youth cohorts for comparison of clinical and 

demographic characteristics of diabetes for both type 1 (T1D) and type 2 (T2D).

Methods: In partnership, we harmonized demographic and clinical data from the SEARCH for 

Diabetes in Youth (SEARCH) registry in the U.S. and the Registry of People with Diabetes with 

Youth Age at Onset (YDR) in India to the structure and terminology of the Observational Medical 
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Outcomes Partnership Common Data Model. Data were from youth with T1D and T2D, aged <20 

years and newly diagnosed between 2006 and 2010. We compared key characteristics across 

registries using chi-squared tests and t-tests.

Results: In total, there were 9,650 youth with T1D and 2,406 youth with T2D from 2006 to 

2012. SEARCH youth were diagnosed at younger ages than YDR youth for T1D and T2D (10.0 

vs. 10.5 y, p<0.001 and 14.7 vs. 16.1 y, p<0.001, respectively). For T2D, SEARCH had a higher 

proportion of females and significantly lower proportion of youth of high socioeconomic status 

compared to YDR. For T1D and T2D, SEARCH youth had higher BMI, lower blood pressure, and 

lower A1c compared to YDR youth.

Conclusions: These data offer insights into the demographic and clinical characteristics of 

diabetes in youth across the two counties. Further research is needed to better understand why 

these differences exist.
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INTRODUCTION

Over the last several decades, both type 1 (T1D) and type 2 diabetes (T2D) in youth have 

been increasing both in India and in the United States (U.S.), in all age groups and both 

sexes.1 The epidemiology of diabetes in youth has mainly been focused on T1D. However, 

with the increase of childhood obesity, unhealthy eating and sedentary lifestyles, pediatric 

T2D has become increasingly prevalent.2–5 Many youth with diabetes are at risk for poor 

glycemic control6, diabetic eye and kidney disease, and future cardiovascular disease; this is 

especially true for youth with T2D, and for racial and ethnic minority youth with T1D in the 

U.S.7

There are limited standardized population-based data in contemporary youth cohorts that 

provide the ability to compare socio-demographic and clinical characteristics of diabetes in 

youth between countries. Previous international childhood diabetes registries, EURODIAB 

and DIAMOND, provided critical international information from over 60 countries 

regarding T1D among youth aged 0–14 years using standardized protocols to allow for 

comparison of incidence rates and diabetes-related complications.8 However, limited 

international data exist for comparisons of clinical profiles and risk factors for complications 

for both T1D and T2D in contemporary cohorts. With the steady increase of both T1D and 

T2D in youth, such information is critical for an improved understanding of potentially 

modifiable risk factors, and workforce planning.

Therefore, the harmonization of the SEARCH for Diabetes in Youth (SEARCH) registry in 

the U.S. with the Registry of People with Diabetes with Youth Age at Onset (YDR) in India 

is a critical step towards building capacity to understand global burden and trends in youth-

onset diabetes in contemporary cohorts from countries with populations with differing 

demographic, socio-economic and behavioral characteristics. Here we describe the methods 

used for the harmonization of the SEARCH and YDR registries and compare the basic 
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demographic and clinical profiles around the time of diagnosis with T1D and T2D in U.S. 

and Indian youth.

METHODS

This work was a collaborative partnership between SEARCH for Diabetes in Youth (U.S.) 

and the Registry of People with Diabetes with Youth Age at Onset (India).

Registries and Data Definitions

SEARCH for Diabetes in Youth—SEARCH is a multiethnic, population-based registry 

with five sites across the U.S. ascertaining physician-diagnosed non-gestational incident 

diabetes cases among individuals aged 19 years or younger. Detailed information about 

SEARCH is published elsewhere.1,3,7 Each site conducts active surveillance under the 

Health Insurance Portability and Accountability Act (HIPAA) waivers of consent using 

networks of endocrinologists, healthcare providers, hospitals and community health centers, 

and clinical and administrative data systems along with electronic medical records. Cases 

are confirmed as valid after review of medical records or by the referring physician. All 

registered participants are asked to complete an Initial Participant Survey (IPS) (average 

response rate for incident cases 2006–2012, 82%). Participants diagnosed in 2006, 2008 and 

2012 were invited to participate in an in-person baseline research visit (IPV) (average 

response rates between 46% and 65%), where data were obtained on socio-demographic 

characteristics, height, weight, medications, glucose control and other risk factors for 

diabetes-related complications, including laboratory measurements. Blood samples (A1c) 

were taken and analysed at a central laboratory. For the purposes of this manuscript, the IPV 

baseline research visit is referred to as the baseline visit.

Registry of People with Diabetes with Youth Age at Onset (YDR)—The YDR 

registry is an observational multicenter clinic-based registry enlisting all cases of physician-

diagnosed diabetes, diagnosed at the age of 25 years or younger, who were registered at a 

designated reporting center on or after January 1, 2000, residing within assigned 

geographical areas. More detailed information about YDR is published elsewhere.9 

Individuals are classified into various diabetes categories based on the assessment of the 

principal investigator at the reporting center using symptom-based clinical criteria agreed 

upon by the registry expert group prior to initiation of data collection in 2006. YDR data 

collection is coordinated by the Indian Council of Medical Research through regional 

collaborating centers and their interacting reporting centers. All individuals have a proforma 

(registration and clinical extract) completed by the participant and physician to obtain 

information on socio-demographics, clinical profile, anthropometrics and laboratory 

measurements of the individual. Data from the period 2000–2006 were collected 

retrospectively in a structured format from medical records; while data from 2006–2012 

were collected prospectively and completed by both the participant and physician at the time 

of registration, which is referred to here as the baseline visit. There are eight regional 

collaborating centers across India who provide cases to YDR. For this project, data from 

three of the eight collaborating centers (one in Chennai (Madras Diabetes Research 

Foundation) and two in New Delhi (All India Institute of Medical Sciences (AIIMS) and the 
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Univeristy College of Medical Sciences, Delhi) were used. For the purposes of this 

manuscript, the baseline registration visit is referred to as the baseline visit.

Data Harmonization

The data harmonization process included a series of operations to extract, transform, and 

load source data to be syntactically and semantically harmonized to the structure and 

terminology of the target Common Data Model (CDM).10 Our method to harmonize data 

included two major steps: schema mapping and concept mapping. Schema mapping aligns 

data elements (tables and fields) in the source data to the target CDM. Concept mapping 

semantically maps the locally encoded values contained in each of these data elements to a 

standard value set. For this project, we selected the Observational Medical Outcomes 

Partnership (OMOP)11 Common Data Model (v5) as the target CDM. OMOP is an 

internationally supported CDM for clinical data harmonization with rich support for 

standard terminologies and terminology mappings.12,13 Using such a CDM allows each 

registry to maintain data securely without requiring data transfer to a common analytic 

system, thus ensuring confidentiality.

Even though most of the data elements and terminologies in the source data model exist in 

the OMOP CDM, there were diabetes-specific or local data elements and terminologies 

which needed to be harmonized. For example, diabetes duration, or insulin regimen, are not 

standard OMOP terms, but are common diabetes-specific data elements. For these variables, 

we extended the OMOP data model by creating custom data fields or concepts. The 

limitation of this approach is that the custom data fields or concepts are only available to this 

project, affecting the generality of the queries. However, in the future, efforts can be made to 

introduce these project-specific concepts to the community of OMOP users, if desired. The 

deliverables resulting from this process included the concept mapping file, list of custom 

concepts and registry-specific Structure Query Language (SQL) scripts which use both the 

mapping file and custom concepts to perform the data transformation. Using these materials, 

each participating registry then harmonized their datasets to the OMOP CDM, resulting in a 

harmonized OMOP dataset within each registries data systems.

Data Collection and Variable Definitions

Demographic Characteristics—Age at diagnosis (in years) was calculated using 

participant’s date of birth and date of diagnosis, which were obtained from self-report and 

medical record abstractions, respectively. Age at baseline visit was calculated using the 

participant’s date of birth and date of the baseline visit. Diabetes duration (in months) is the 

time from the date of diabetes diagnosis to the date of the baseline visit. Youth’s sex and 

race (White, Asian Indian, Other Asian, Black, American Indian or Alaska Native, Native 

Hawaiian or Other Pacific Islander, Multiple Race, Unknown) were self-reported. Race was 

not collected on YDR participants, therefore all YDR participants were categorized as Asian 

Indian.

Due to the various methods used to define socioeconomic status (SES) within and between 

countries, there was no variable that matched one-to-one between the two registries. 

Therefore, in this manuscript SES was defined by self-reported insurance type and 
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household income in SEARCH and by type of hospital in YDR. For SEARCH, having 

private health insurance, regardless of income, was equivalent to high SES and having Other, 

None, or Government insurance was equivalent to low SES. If the participant was missing 

data on health insurance status but had a household income less than $50,000/yr, the 

participant was categorized as low SES. For YDR, having been registered into YDR by a 

private hospital was assumed to be high SES and having been registered into YDR by a 

public hospital was assumed to be low SES.

Clinical Characteristics—Diabetes type (T1D and T2D) and date of diagnosis were 

obtained from medical records. For SEARCH participants, height, weight, and blood 

pressure were measured by a trained and certified staff member using a standard protocol on 

children aged 3 years or older at the baseline visit.14 Hemoglobin A1c (A1c) was measured 

from a fasting blood draw taken at the baseline visit. Blood samples were obtained only if 

there was no episode of diabetic ketoacidosis within the prior month. Specimens were 

processed at the site and shipped within 24 h to the Northwest Lipid Metabolism and 

Diabetes Research Laboratories in Seattle, Washington, which serves as the study’s central 

laboratory. For YDR, height, weight, and blood pressure were obtained clinically at the 

respective reporting centers, using standardized protocols. A1c was obtained from the most 

recent clinical encounter prior to the baseline visit. Blood samples were analyzed for A1c 

levels locally at the respective reporting center.

Height, weight, and blood pressure measurements were obtained from participants who 

completed a baseline visit for both registries. Body mass index (BMI) was calculated as 
kg

m2 and BMI z-scores were calculated using the World Health Organization Child Growth 

Standards reference data.15 BMI categories (underweight, normal, overweight, obese) were 

determined using the BMI z-scores, age and the weight status cutoffs defined by the WHO 

in 2007.16 Blood pressure percentiles were calculated using blood pressure, height and the 

percentile data provided by the 4th National Heart Lung, and Blood Institute (NHLBI) report 

on the Diagnosis, Evaluation, and Treatment of High Blood Pressure in Children and 

Adolescents.17 Hypertension was defined as SBP or DBP percentiles greater than 95th 

percentile for participants 3–18 years of age; SBP ≥ 140 mmHg or DBP ≥ 90 mmHg for 

participants older than 18 years of age. Hemoglobin A1c concentrations were grouped into 

three categories (less than 7.5% (9.4 mmol/L), 7.5% to 9.0% (9.4 to 11.8 mmol/L), and 

greater than 9.0% (11.8 mmol/L)).

Statistical Methods—This report includes incident cases of diabetes that were 

ascertained by each registry within 30-months after the end of the year of diagnosis. We 

created two sample populations to use in analyses - one for demographic characteristics, 

which included incident cases diagnosed between 2006 and 2012 among youth aged <20 

years at diagnosis with T1D or T2D from both registries, and another for the clinical 

characteristics, which included all YDR incident cases and a subset of SEARCH participants 

who completed a baseline visit. Compared to those in the first sample population (all 

incident cases between 2006–2012), the subset of SEARCH participants who completed a 

baseline visit were not significantly different in terms of sex, age diabetes type.7
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After creating and executing OMOP specific queries at each site, aggregate results were 

received. Demographic and clinical characteristics across registries were compared using 

chi-squared tests and t-tests.

RESULTS

Data Harmonization

We reviewed a total of 684 variables to be harmonized between the SEARCH and YDR 

registries. Seventy-four (10.8%) variables were identified as ‘variables of interest’; of these 

variables, 41 (55.4%) variables were able to be mapped to standard OMOP terminologies 

and 33 (44.6%) variables were mapped to custom terminologies. Figure 1 shows the 

distribution of the number of variables that were reviewed and mapped in each registry. 

Supplementary Tables 1 and 2 show the schema and concept mappings for this project.

Demographic and Clinical Characteristics

There were 9,650 youth, aged 0–19 years, with newly diagnosed T1D (n=7,546 for 

SEARCH; n=2,104 for YDR) and 2,406 youth with newly diagnosed T2D (n=2,179 for 

SEARCH; n=227 for YDR) from 2006 to 2012. For SEARCH, the average duration of 

diabetes at the baseline visit was 10.3 months for T1D and 13.3 months for T2D. For YDR, 

the average duration of diabetes at the baseline visit was 6.2 months for T1D and 7.0 months 

for T2D.

Demographic characteristics for SEARCH and YDR youth by diabetes type are presented in 

Table 1. Youth in the SEARCH registry were diagnosed at younger ages than youth in the 

YDR registry for both T1D and T2D (10.0 vs. 10.5 y, p<0.001 and 14.7 vs. 16.1 y, p<0.001, 

respectively). The proportion of females with T2D was higher in SEARCH than in YDR 

(62.8 vs. 48.9%, p<0.001, respectively). For T1D, 53.6% of SEARCH youth were of high 

SES compared to 60.8% of YDR youth (p<0.001). For T2D, 23.6% of SEARCH youth were 

of high SES compared to 88.5% of YDR youth (p<0.001).

Clinical characteristics for SEARCH and YDR youth by diabetes type are presented in Table 

2. There were 1,899 youth with T1D and 384 youth with T2D who completed a SEARCH 

baseline research visit. There were 2,104 youth with T1D and 227 youth with T2D who 

completed a YDR baseline visit. A total of 85.4% of SEARCH youth with T2D were 

overweight or obese compared to only 58.2% of YDR youth (p<0.001). SEARCH youth had 

significantly lower blood pressure than YDR youth for both types of diabetes SEARCH 

youth had a lower prevalence of hypertension compared to YDR youth for both T1D and 

T2D (3.0 vs 14.2%, p<0.001; 15.7 vs 23.5%, p<0.001, respectively). SEARCH youth had 

significantly lower A1c concentrations at baseline compared to YDR youth for both T1D 

and T2D (7.8 vs 11.0%, p<0.001; 7.2 versus 9.9%, p<0.001, respectively). Forty-two percent 

of SEARCH T1D youth, 7.2% of YDR T1D youth, 67.7% of SEARCH T2D youth, and 

18.1% of YDR T2D youth had optimal glycemic control, as defined by the American 

Diabetes Association (A1c <7.5%).18
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DISCUSSION

We found important and significant differences in many of the demographic and clinical 

characteristics for both T1D and T2D between the youth in the SEARCH and YDR 

registries. Consistent with previous clinic-based studies from various parts of India19,20, we 

observed that T2D made up 10% of all youth diabetes cases, while in the SEARCH registry 

T2D made up 22% of the diabetes cases. The age at diagnosis was older for YDR youth 

compared to SEARCH, especially for youth with T2D (16.1 vs. 14.7 y, p<0.001, 

respectively). We also found that SEARCH had a higher proportion of females with T2D 

compared to YDR. Further research is needed to determine whether the observed differences 

between the two countries in overall proportion, specifically the age and sex distribution of 

T2D cases, reflect differences in distribution of risk factors, e.g., greater obesity rates among 

U.S. youth, differences in pathophysiologic processes leading to T2D in these populations, 

or both.

Socioeconomic status is a complex, multidimensional concept that can be defined in many 

different ways (i.e. income, education, or social class). The majority of T1D cases in both 

registries were categorized as high SES. In developed countries, such as Europe and the 

U.S., research has shown that higher SES (i.e. higher income and higher education) at both 

an individual and neighborhood level is associated with a higher prevalence of T1D.21–23 

However, there is a lack of data on the relationship between SES and T1D in developing 

countries such as India, specifically in youth, and our results suggest a similar pattern. For 

T2D cases, the majority of cases in YDR were classified as high SES, while in SEARCH the 

majority of T2D cases were classified as low SES. In the U.S. and other developed counties, 

low SES is a known risk factor for the development of obesity and T2D 24–26. This 

relationship has been explained by obesity-related factors, such as physical inactivity and the 

limited access to and consumption of healthy foods. However, in developing countries, the 

burden of obesity and T2D is higher among those with a high SES.27–29 Our results are 

consistent with these reports. The impact of SES on the prevalence of T2D in India is clearly 

shown in the Chennai Urban Population Study.27 In that study, the higher SES group had 

two-fold higher prevalence of T2D compared to the lower SES group.27 The reasons for the 

higher prevalence of T2D among higher SES has also been attributed to the consumption of 

an unhealthy diet and lack of physical activity. This is also supported in a systematic review 

by Allen et al. that found in low-income and lower-middle income countries, such as India, 

higher SES groups tended to have higher levels of physical inactivity and consume more 

fats, salt, and processed foods than low SES groups.30

BMI z-scores in SEARCH youth with T1D and T2D were significantly higher compared to 

YDR youth. A recent article by Hsu et al. discusses the need for different BMI cut points to 

identify at-risk Asian Americans for T2D screening31. This is supported by previous studies 

that showed the association of BMI with T2D risk is shifted to lower BMI values for 

Asians32, and at similar BMI levels, diabetes prevalence is higher among Asian compared to 

Whites33. Our results are consistent with these prior studies. However, a recent study of 

Asian adults found that glucose intolerance and T2D remained elevated after adjustment for 

body composition, suggesting that it may not just be obesity that leads to a higher prevalence 

of diabetes in Asians.34 On the other hand, our results may just reflect differences in the 
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underlying BMI distribution among the general population of youth in the two countries. 

More research is needed to better understand these differences.

We showed that on average SEARCH youth had significantly lower blood pressure than 

YDR youth for both T1D and T2D. Prior SEARCH data support this finding by showing 

that the prevalence of elevated blood pressure is higher in minority youth with T1D and 

T2D, specifically Asian Pacific Islanders, when compared to Non-Hispanic Whites.14 We 

also observed that SEARCH youth had a lower prevalence of classified hypertension 

compared to YDR for T1D and T2D. This lower prevalence of elevated blood pressure and 

hypertension in the SEARCH population may be due to differences in measurement. 

SEARCH blood pressure was obtained using a research protocol, whereas YDR blood 

pressure data were from clinical measurements. It is possible that differences in treatment 

exist between the two countries, where the U.S. may be more aggressive in providing 

treatments for hypertension or pre-hypertension in youth. However, prior SEARCH data 

suggest that very few US youth with diabetes are treated for hypertension.14 Unfortunately, 

in this study, we were not able to explore differences in treatment of hypertension between 

the two both registries. Alternatively, similar to the BMI results, these results may also result 

from potential differences in the underlying distribution of blood pressure levels among the 

general population of youth in the two countries. More research is needed to better 

understand these differences.

Poor glycemic control, as assessed by A1c levels, is associated with the development and 

progression of microvascular complications of diabetes in adults and children with T1D and 

T2D35,36. Previous studies, both in the US and internationally, have shown that Asian ethnic 

groups have poorer glycemic control than non-Hispanic whites6,37. This is consistent with 

our findings; however, the differences are larger in our study. This may be due, in part, to the 

methodological differences between the two studies. In SEARCH, A1c concentrations were 

measured at the baseline research visit through a venous sample and analyzed in a central 

standardized laboratory. In YDR, A1c concentrations were measured clinically at the last 

visit prior to the YDR baseline visit, without the use of a central standardized laboratory. 

Due to the variability seen in the various A1c assays38, these differences should be interprete 

with caution. Additionally, in both registries, the participants’ A1c concentrations reflect 

glycemic control prior to the baseline visit and thus may reflect differences in clinical care 

patterns between the two countries. While SEARCH is an observational research registry, 

with little role in clinical decision making, YDR is a clinical registry with a primary goal of 

optimizing clinical care for registered participants. It will be of interest to compare A1c 

concentrations between the two registries at follow-up, when treatment patterns are likely to 

have been optimized for YDR participants. Additional information on A1c levels and 

associated treatment regimens are presented in another article by Anandakumar et al. within 

this special edition.

Our study has limitations and strengths. The benefit of harmonizing data between registries 

is that only one query is required to be executed against all local OMOP datasets, which 

returns results in the same data structure and semantics, making results adequate to answer 

the proposed research questions. However, harmonization is a complex process and the most 

challenging part is being able to ensure the understanding of the structure and meaning of 
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each data element from each data source. For some data elements, the harmonization can be 

easily achieved (i.e. sex); in others, the harmonization is more difficult and requires in-depth 

discussion and agreement about the importance of the differences in the definition or 

collection method used for a variable. Other harmonization challenges included basic 

differences in definitions due to differences in the registry types, health care models and care 

processes between countries, and differences in data collection and validation methods. For 

example, for diabetes-related complications SEARCH collected self-reported complications 

using a survey, while YDR collected physician-diagnosed complications from the medical 

record; this difference in the methodology of data collection lead to uncomparable data. If 

harmonization is not done correctly, then inappropriate conclusions may occur. Additionally, 

to protect patient data privacy, only summary data were included in the results of the queries. 

Another limitation was the availability of YDR data, as only three of the eight YDR sites 

across India were used for analysis. Therefore, the data used may not be representative of 

India as a whole. Lastly, there was a large proportion of missing data for specific 

characteristics (SES for SEARCH participants and A1c for YDR participants). However, 

given that SES of SEARCH participants who participate in the baseline research visit is 

higher than the general population (e.g., higher proportion have completed college and 

report household income >$50,000/year), it is likely that those missing SES in SEARCH are 

of low SES, thus only increasing the differences observed and reported here. Within this 

special edition, Jensen et al look further into the differences in incident rates of youth 

diabetes (T1D and T2D) between U.S. and India by sex and age at diagnosis and Praveen et 

al. explore the differences in the the prevalence of DKA between the two registries.

In conclusion, our data offer insights into the demographic and clinical characteristics of 

diabetes in youth across the two counties, possibly providing clues regarding underlying 

etiological drivers and/or differences in patterns of care. Further research and collaboration 

are needed to advance the insights into potential causes and provide access to improved 

treatments, in order to improve the quality of life for all youth with diabetes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
A diagram showing the number of variables identified as possible matches between the 

SEARCH (yellow square) and YDR (green square) registries and how many were mapped to 

the OMOP data model (within the blue brackets) and of those mapped to the OMOP data 

model, how many were mapped to the standard OMOP terminologies (blue box) and how 

many were mapped to custom terminologies (orange boxes).
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