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Abstract

Aim: SEARCH has recently reported that both prevalence and incidence of youth onset type 2
diabetes (YT2D) increased among most US race/ethnic groups in the early 2000s. This study
reports on the incidence (2002-2013) and prevalence (2001, 2009) of YT2D in the Navajo Nation
among youth age < 20 years from 2001 to 2013.

Methods: SEARCH sought to identify prevalent YT2D cases in 2001 (N=75) and 2009 (N=70)
and all incident YT2D cases in three periods: 2002-05 (N=53), 2006—-09 (N=68) and 2010-13
(N=90) in Navajo Nation. Denominators were based on the active Indian Health Service user
population for eligible health care facilities. Prevalence (per 100,000) and period-specific
incidence rates (per 100,000 person-years) were computed for youth age 10-19 years. Changes in
prevalence were tested with a 2-sided skew-corrected inverted score test, while changes in
incidence were tested with Poisson regression.

Results: YT2D prevalence was high but stable in 2001 and 2009, overall [146.6 (116.8, 184.0) vs
141.5 (112.0, 178.8), p=0.65) and in all subgroups. In contrast, incidence rates increased
particularly between the second and third periods overall and in most subgroups by age and by
Sex.
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Conclusion(s): These data confirm the high burden of YT2D among Navajo youth and suggest
an increasing risk in more recent years. However, recent improvements in obesity reduction in this
population demonstrate optimism for potential reductions in YT2D in Navajo Nation.
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Introduction

Youth diabetes is an important and worsening global health challenge (1, 2). Youth onset
Type 2 Diabetes (YT2D) is mediated by social, environmental, and genetic factors —
influences that affect not only the rates of diagnoses (incidence rates and prevalence), but
also YT2D outcome severity (3). YT2D also disproportionately affects many indigenous
populations around the world (4). Rates among indigenous populations, including American
Indian (Al) populations in the United States (5, 6, 7), First Nations populations in Canada
(8), and Australian Indigenous populations (9, 10, 11), have highlighted these groups as
having a disproportionate risk. Rates of YT2D are almost uniformly higher in indigenous
versus non-indigenous groups with variation across populations. For example, rates of
YT2D in Australia varied from a six-fold difference (9) to more than twenty times the rate
for indigenous youth compared to non-indigenous youth (31.1 vs. 1.4 per 100,000 person
years; respectively) (10) whereas YT2D prevalence rates comparing Al versus non-Hispanic
white youth in 2001 in the United States demonstrated a near nine-fold difference (1.74 vs.
0.19 per 1000 youth; respectively) (SEARCH, 2006).

Internationally, indigenous people have coped with rising rates of T2D for decades (4).
Although rates of diabetes in international indigenous populations tend to show increasing
trends, trends within and across Al youth remain understudied with the earlier literature on
Al YT2D almost entirely characterized by research involving the Pima Indian community in
Arizona (5, 6, 7). While members of the Pima tribe have the highest known rates of T2D in
the world (5), less is known about evolving trends in incidence for other Native American
youth. The foundational work with the Pima population followed by the start of the
SEARCH for Diabetes in Youth study (SEARCH) (5) have begun to clarify heterogeneity in
YT2D trends. Al youth aged 15-19 years had the greatest risk of YT2D of all racial/ethnic
groups in the racially diverse SEARCH study, which includes youth across the United States
of all race/ethnic backgrounds (5). In contrast and consistent with prior work, the rates of
T1D in Al youth were the lowest of all SEARCH study racial/ethnic groups.

Diabetes in Navajo adults has been reported since the 1960s, with recent reports suggesting
rates of T2D two to four times those of non-Hispanic white adult populations and rising over
recent decades (12,13). Studies of diabetes prevalence or incidence in Navajo youth were
unavailable until the SEARCH Study (5). SEARCH previously documented Navajo youth
diabetes incidence rates for the period 2002—2005 (5). In this report, we extend that work
and focus on changes in YT2D prevalence and incidence among Navajo youth from 2001 to
2013.
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While the narrative of Al diabetes epidemiology is often disheartening, recent analyses have
highlighted significant improvements and provided optimism. Among Al youth, overweight
and obesity trends seem to have stabilized in the mid-2010s (14); however, the most severe
categories of obesity have continued to accelerate (14). Given this context, it is unclear
whether YT2D incidence and prevalence rates will plateau and decline or continue to
accelerate.

Methods

Participants

The Navajo tribe has participated in the multi-center SEARCH for Diabetes in Youth study
since its inception in 2001 as part of the Colorado SEARCH site (15). SEARCH activities
within Navajo Nation are undertaken with Navajo Nation Human Research Review Board
and Colorado Multiple Institutional Review Board oversight and approval. Indian Health
Service (IHS) and tribally operated facility leadership also formally endorse SEARCH study
work in compliance with the Health Insurance Portability and Accountability Act (5). The
Navajo people who live on Navajo Nation land inhabit portions of what are now the states of
Arizona, New Mexico, and Utah. SEARCH-Navajo specifically includes the sovereign
Navajo reservation lands and immediately surrounding “border” regions (280 consistent
communities throughout the study). As previously described (15), SEARCH-Navajo actively
surveils IHS health system databases. The SEARCH-Navajo population under surveillance
for this report included all Navajo Nation tribal members, as recognized by the Navajo
Nation, under 20 years of age who were active health system users of tribally operated or
IHS operated regional health facilities and who were living in one of 280 specific geographic
communities within and very near the borders of the Navajo Nation. Surveillance for youth
diabetes cases covered the years 2002 through 2013 for incidence, and 2001 and 2009 for
prevalence calculations. Although SEARCH-Navajo is specific to the defined communities,
the denominator represents the Navajo IHS health system user population, and as such is not
specifically geographic (youth who are not IHS active users are excluded). We omitted
YT2D cases under age 10 in the numerator and denominator of our estimates because we
identified fewer than five cases of YT2D in youth under age 10 over the study period and
could not generate meaningful estimates from those data. As such, YT2D denominators
were limited to ages 10-19 years, an approach consistent with prior SEARCH analyses. This
approach provided a yearly overall denominator ranging between 40,000 and 50,000 youth.

Navajo members qualify as SEARCH study cases if they received health care from either
tribally operated or IHS operated facilities in the preceding three years, were diagnosed with
diabetes < 20 years at an included facility, and live in one of the 280 recognized SEARCH-
Navajo communities, as defined for the denominator. The most recent year with complete
incident data is 2013.

Prevalence was calculated as the ratio of the number of existing YT2D cases (10-19 years
old) in 2001 and 2009 divided by the number of IHS members in the same age range and
geographic areas. Age- and sex-specific prevalence were estimated similarly by restricting
the numerator and denominator to the appropriate age and sex subgroups. Confidence
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intervals (CI) around the estimates obtained for each prevalent year and changes in
prevalence were tested with a 2-sided skew-corrected inverted score test (16, 17).

Average period-specific incidence rates (per 100,000 person-years) were calculated as the
number of incident cases during each four-year period divided by the number of IHS
members who were at risk of developing YT2D during each period. Changes in period-
specific incidence estimates for the three periods 2002-2005, 2006-2009, and 2010-2013
were assessed by fitting Poisson regression using the number of incident cases in each
period as the outcome, the midpoint of each period as the predictor and the total number of
individuals who were at risk during each period as an offset. Diagnostic tests were
performed and showed that the model assumptions were met.

Table 1 shows overall YT2D prevalence counts in 2001 and 2009 and average incidence
counts in the three periods, and by age and by sex. SEARCH ascertained prevalent cases of
YT2D in 2001 (N=75) and 2009 (N=70) and incident cases of YT2D annually since 2002
(YT2D N=211) in youths 10-19 years of age. Table 2 shows YT2D prevalence (per
100,000) was high but stable in 2001 and 2009, overall [146.6 (116.8, 184.0) vs 141.5
(112.0, 178.8), p=0.65)] and in all subgroups. YT2D incidence significantly increased over
the three periods from 2002—2005, 2006—-2009, and 2010-2013 (p<0.001). Specifically,
Table 2 shows significantly and progressively larger increases in YT2D incidence within the
second (2006-2009) to third (2010-2013) surveillance periods (p=0.01). YT2D incidence
increased the most among younger (p=0.001) and female Navajo youth (p<0.001) and
particularly from the second to third surveillance periods (p=0.02; p=0.01, respectively). The
overall average increase was 98.8% (95% Cl: 41.7%, 179.1%) over the entire evaluation
period.

Discussion

These data confirm the previously reported rates of YT2D among Navajo youth (5) and
suggest an increasing risk over time. Upcoming 2017 prevalence data will be crucial to
assessing whether prevalent cases have increased since 2009 mirroring the observed
incidence increases. However, the disproportionate increases observed in younger Navajo
youth and girls highlight key at-risk populations. This knowledge may inform the optimal
design of prevention and intervention programs. For example, Tribal Turning Point (18)
directs YT2D prevention towards pre-pubertal youth and Stopping GDM (19) focuses on
reducing gestational diabetes (GDM) in females of reproductive age. Tanmas (20) recently
published an analysis of diabetes risk among Pima youth and young adults, correlating
degree of obesity severity and exposure to intrauterine GDM with YT2D risk. Higher
severity of obesity class, and exposure to GDM each conferred marked increase in YT2D
risk. Although GDM exposure and obesity severity are outside the scope of this study, these
factors can guide future research on population and public health decision making when
combined with SEARCH Navajo findings reported here.
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Our report has some limitations. First, since our sample is limited to active users of the IHS
health system, it is possible that these findings reflect IHS health system selection bias.
Economic fluctuations and the emergence of the Affordable Care Act (ACA) coincide with
our observed incidence increases. At present, it is impossible to determine the impact of
these changes on IHS utilization. Second, our prevalence data stopped in 2009, while we
observe an increase in incidence after 2010, suggesting a need to reassess prevalence in later
years. Forthcoming SEARCH 2017 prevalence data may further elucidate key information
about diabetes trends in Navajo youth, either reinforcing the consistency of findings over
time or raising new questions. Lastly, SEARCH Navajo reported rates reflect provider
diagnosed diabetes and do not reflect population diabetes screening.

Over the study period, both provider awareness of YT2D and changes in diagnostic
approaches could have influenced our findings. Specifically, the American Diabetes
Association (ADA) included hemoglobin Alc (HbAlc) as one of the accepted diagnostic
tests for diabetes in 2010 (21). Prior to this time, clinicians relied on some combination of
random blood glucose, fasting blood glucose, and oral glucose tolerance testing (OGTT).
While these tests remain part of the clinical approach to diabetes screening and diagnosis,
the addition of laboratory HbAlc has reduced perceived testing barriers. While there is some
concern that HbA1c in children may have a lower sensitivity and yield fewer T2D cases
(21), further analysis within other Southwest American Indian populations showed that
HbA1c was predictive of future diabetes development (22). Trends in self-reported YT2D
case presentation (2002-2010), specifically whether youth were identified due to having
symptoms, as the result of a “checkup,” or due to community screenings, were previously
evaluated by SEARCH (23). This analysis showed that fewer youth over time learned of
their T2D due to symptoms, and more were identified during a “checkup.” This implies that
changes in observed YT2D rates could well relate to and be influenced by changes in health
seeking behaviors, changes in diagnostic approaches, or other factors. However, it is unclear
whether this finding is true for all YT2D as subgroup analyses were not reported, meaning
this trend may or may not be representative for Navajo youth over the same period.
Nevertheless, it is not known whether changes in clinical approaches or modes of T2D
diagnosis over the study period are resulting in more versus fewer YT2D cases identified..

Changing patterns of healthcare utilization could also impact these results. Medicaid
expansion with the United States Federal Government’s passage of the Affordable Care Act
(ACA), for example, could lead to more choice in healthcare facility selection and use,
introducing bias if those who receive healthcare outside of study facilities are different from
those who receive healthcare within Navajo Area Indian Health Services (NAIHS) facilities.
Analyses of healthcare utilization changes over time in this specific NAIHS population are
not presently available (24; 25).

Moreover, given the small number of cases contributing to these trends, any fluctuation
could become influential. However, previous literature has identified lower than expected
rates of undiagnosed or subclinical YT2D (3) and SEARCH case identification practices
have remained consistent over time. It is likely that most, if not all, active NAIHS user
population youth with diabetes would be consistently identified in this analysis.
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Lastly, it is important to emphasize that these findings are specific to the SEARCH Navajo
population. While it remains possible that other Al groups have experienced similar trends
over time, this study does not offer insight into that question. Obesity trends reported by
Bullock (14) revealed significant regional obesity severity differences across Al and Alaska
Native (AN) geographic regions. For example, the Alaskan IHS youth user population had
the lowest prevalence of class 2 or 3 obesity (8.9%), whereas Southwest Subregion 2 had the
highest prevalence (15.6%). Of note, the SEARCH Navajo population resides within the
Southwest Subregion 1 where the prevalence of class 2 or 3 obesity was 10.1%. Thus, since
youth weight status varies significantly between IHS geographic regions, it is possible that
Al YT2D rates may follow a similar geographic variance. Bullock et al (14) highlighted
reasons for optimism, by showing that between 2006 and 2015 Al youth obesity rates may
be stabilizing, and even decreasing amongst children ages 2 through 5. It will be of urgent
importance to learn if YT2D rates will also stabilize and potentially improve in future years.
Further research may help to answer this question. However, this provides hope for Navajo
communities and youth that YT2D trends may likewise improve over time.

Acknowledgements:

The SEARCH for Diabetes in Youth Study is indebted to the many youth and their families, and their health care
providers, whose participation made this study possible. The authors wish to express sincere gratitude to the
SEARCH Navajo participants and to the Navajo Nation Human Research Review Board for their ongoing
engagement in the SEARCH study and commitment to youth wellness.

The authors wish to acknowledge the involvement of the Kaiser Permanente Southern California’s Clinical
Research Center (funded by Kaiser Foundation Health Plan and supported in part by the Southern California
Permanente Medical Group; the South Carolina Clinical & Translational Research Institute, at the Medical
University of South Carolina, NIH/National Center for Advancing Translational Sciences (NCATS) grant number
UL1 TR000062, UL1 Tr001450; Seattle Children’s Hospital and the University of Washington, NIH/NCATS grant
number UL1 TR00423; University of Colorado Pediatric Clinical and Translational Research Center, NIH/NCATS
grant Number UL1 TR000154; the Barbara Davis Center at the University of Colorado at Denver (DERC NIH grant
number P30 DK57516); the University of Cincinnati, NIH/NCATS grant number UL1 TR000077, UL1 TR001425;
and the Children with Medical Handicaps program managed by the Ohio Department of Health. This study includes
data provided by the Ohio Department of Health, which should not be considered an endorsement of this study or
its conclusions.

The findings and conclusions in this report are those of the authors and do not necessarily represent the official
position of the Centers for Disease Control and Prevention and the National Institute of Diabetes and Digestive and
Kidney Diseases.

Funding: The SEARCH for Diabetes in Youth Cohort Study (1UC4DK108173) is funded by the National Institutes
of Health, National Institute of Diabetes and Digestive and Kidney Diseases and supported by the Centers for
Disease Control and Prevention.

The Population Based Registry of Diabetes in Youth Study (1U18DP006131, U18DP006133, U18DP006134,
U18DP006136, U18DP006138, U18DP006139) is funded by the Centers for Disease Control and Prevention and
supported by the National Institutes of Health, National Institute of Diabetes and Digestive and Kidney Diseases.

References

1. Pinhas-Hamiel O, Zeitler P. The global spread of type 2 diabetes mellitus in children and
adolescents. The Journal of pediatrics. 2005 5 1;146(5):693-700. [PubMed: 15870677]

2. Viner R, White B, Christie D. Type 2 diabetes in adolescents: a severe phenotype posing major
clinical challenges and public health burden. The Lancet. 2017 6 3;389(10085):2252—-60.

3. Zeitler P Update on nonautoimmune diabetes in children. The Journal of Clinical Endocrinology &
Metabolism, 2009; 94(7): 2215-2220. [PubMed: 19584196]

Pediatr Diabetes. Author manuscript; available in PMC 2020 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Powell et al.

13.

15.

16.

17.

18.

Page 7

. Chen L, Magliano DJ, Zimmet PZ. The worldwide epidemiology of type 2 diabetes mellitus—

present and future perspectives. Nature Reviews Endocrinology. 2011; 8 (4): 228.

. Dabelea D; DeGroat J; Sorrelman C; Glass M; Percy CA; Avery C; et al. Diabetes in Navajo Youth:

Prevalence; Incidence; and Clinical Characteristics: The SEARCH for Diabetes in Youth Study.
Diabetes Care 2009;32 (Suppl 2): S141-7. [PubMed: 19246579]

. Savage PJ, Bennett PH, Senter RG, Miller M. High prevalence of diabetes in young Pima Indians.

Diabetes. 197928:937-942. [PubMed: 478185]

. Dabelea D, Hanson RL, Bennett PH, Roumain J, Knowler WC, & Pettitt DJ (1998). Increasing

prevalence of type Il diabetes in American Indian children. Diabetologia, 41(8), 904-910. [PubMed:
9726592]

. Young TK, Martens PJ, Taback SP, Sellers EA, Dean HJ, Cheang M, & Flett B (2002). Type 2

diabetes mellitus in children: prenatal and early infancy risk factors among native Canadians.
Archives of pediatrics & adolescent medicine, 156(7), 651-655. [PubMed: 12090830]

. Maple-Brown Louise J., Sinha Ashim K., and Davis Elizabeth A.. “Type 2 diabetes in indigenous

Australian children and adolescents.” Journal of paediatrics and child health 46, no. 9 (2010): 487—
490. [PubMed: 20854318]

10. Haynes Aveni, Kalic Rachelle, Cooper Matthew, Hewitt Jacqueline K., and Elizabeth Ann Davis.

“Increasing incidence of type 2 diabetes in Indigenous and non-Indigenous children in Western
Auwustralia, 1990-2012.” The Medical Journal of Australia 204, no. 8 (2016): 303.

. Craig ME, Femia G, Broyda V, Lloyd M, & Howard NJ (2007). Type 2 diabetes in Indigenous and
non-Indigenous children and adolescents in New South Wales. Medical Journal of Australia,
186(10),

. Sugarman JR, Gilbert TJ, Weiss NS. Prevalence of diabetes and impaired glucose tolerance among

Navajo Indians. Diab Care. 1992; 15:114-120.

Will JC, Strauss KF, Mendlein JM, Ballew C, White LL, Peter DG. Diabetes mellitus among

Navajo Indians: findings from the Navajo Health and Nutrition Survey. J Nutr. 1997; 127:2106S—

2113S. [PubMed: 9339177]

14. Bullock A, Sheff K, Moore K, Manson S Obesity and Overweight in American Indian and Alaska

Native Children, 2006—2015. American journal of public health. 2017; 107(9): 1502-1507.
[PubMed: 28727519]

Mayer-Davis EJ, Lawrence JM, Dabelea D, Divers J, Isom S, Dolan L, et al. “Incidence trends of
type 1 and type 2 diabetes among youths, 2002-2012.” New England Journal of Medicine. 2017;
376 (15) (2017):1419-1429. [PubMed: 28402773]

Gart JJ, Nam J-M. Approximate interval estimation of the difference in binomial parameters:
correction for skewness and extension to multiple tables. Biometrics 1990;46:637—643. [PubMed:
2242407]

Hepworth G Confidence intervals for proportions estimated by group testing with groups of
unequal size. J Agric Biol Environ Stat 2005;10:478-497

Sauder KA, Dabelea D, Bailey-Callahan R, Kanott Lambert S, Powell J, James R, et al. Targeting
risk factors for type 2 diabetes in American Indian youth: the Tribal Turning Point pilot study.
Pediatric obesity. 2018 13 (5):321-329. [PubMed: 28635082]

19. ClinicalTrials.gov [Internet]. Bethesda (MD): National Library of Medicine (US). 2016 Mar 30 - .

Identifier NCT02723266, Supporting American Indian/Alaska Native Mothers and Daughters in
Reducing Gestational Diabetes Risk; [cited 2018 Feb 25]; Available from: https://
clinicaltrials.gov/ct2/show/NCT02723266

20. Tanamas SK, Reddy SP, Chambers MA, Clark EJ, Dunnigan DL, Hanson RL, et al. Effect of

severe obesity in childhood and adolescence on risk of type 2 diabetes in youth and early
adulthood in an American Indian population. Pediatric Diabetes 2018;19: 622—-62 [PubMed:
29282818]

21. Kapadia CR. Are the ADA Hemoglobin A 1c Criteria Relevant for the Diagnosis of Type 2

Diabetes in Youth?. Current diabetes reports. 2013 2 1;13(1):51-5. [PubMed: 23109000]

22. Vijayakumar P, Nelson RG, Hanson RL, Knowler WC, Sinha M. HbA1lc and the prediction of type

2 diabetes in children and adults. Diabetes Care. 2017 1 1;40(1):16-21. [PubMed: 27810987]

Pediatr Diabetes. Author manuscript; available in PMC 2020 November 01.


https://clinicaltrials.gov/ct2/show/NCT02723266
https://clinicaltrials.gov/ct2/show/NCT02723266

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Powell et al. Page 8

23. Saydah SH, Imperatore G, Henkin L, D’agostino R, Divers J, Mayer-Davis EJ, Dabelea D,
Klingensmith G, Pihoker C, Lawrence JM. Trends and characteristics of self-reported case
presentation of diabetes diagnosis among youth from 2002 to 2010: findings from the SEARCH
for Diabetes in Youth Study. Diabetes care. 2015 6 1;38(6):e84-5. [PubMed: 25998301]

24. Bylander Jessica. “Propping Up Indian Health Care Through Medicaid.” 2017: 1360-1364.

25. Ross RE, Garfield LD, Brown DS, Raghavan R. The Affordable Care Act and implications for
health care services for American Indian and Alaska Native individuals. Journal of health care for
the poor and underserved. 2015 11;26(4):1081. [PubMed: 26548665]

Pediatr Diabetes. Author manuscript; available in PMC 2020 November 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Powell et al.

Page 9

Novelty Statement:

. Youth onset diabetes is a significant problem for Native youth, but the extent
of the issue in Navajo youth is unclear.

. This study confirms the high burden of youth onset Type 2 Diabetes Mellitus
(YT2D) among Navajo youth.

. Effective and sustainable programs aimed at primary prevention of YT2D in
Navajo may help prevent future diabetes cases.
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