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Abstract

Objectives—In light of the growing medical interest in the potential consequences of vitamin D
deficiency, it is important that clinicians are informed about the varying factors that may
complicate the assessment of vitamin D status and the diagnosis of deficiency. To better
understand the frequency of vitamin D deficiency diagnoses in the ambulatory setting over time,
the objective of this investigation was to examine unspecific, general, and bone-related vitamin D
deficiency diagnoses between 2007 and 2010 and to determine whether the rate of diagnoses
differed by patient age and sex.

Methods—We used data from the National Ambulatory Medical Care Survey and the National
Hospital Ambulatory Medical Care Survey to assess the rate of vitamin D deficiency diagnoses
provided between 2007 and 2010 during outpatient visits with nonfederally employed physicians
in offices and hospitals. Two hundred ninety-two unweighted patient visit records were included.
Trends in vitamin D deficiency diagnosis over time, diagnosis of bone disease associated with a
vitamin D deficiency diagnosis, and patient age and sex were reported.

Results—The number of diagnoses for vitamin D deficiency rapidly increased from 2007 to
2010. More than 97% of diagnoses were for unspecific vitamin D deficiency; 9.6% of vitamin D
deficiency visits also resulted in a diagnosis of osteoporosis or bone fracture.

Conclusions—Although the rate of diagnoses for vitamin D deficiency increased between 2007
and 2010, many diagnoses rendered were for nonspecific disease; therefore, vitamin D deficiency
screening may have been ordered for preventive care purposes rather than as a diagnostic aid.
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Osteomalacia in adults and rickets in children are the typical manifestations of clinical
severe vitamin D deficiency.! Suggesting a greater public health concern than previously
reported, clinicians and researchers, however, are more frequently investigating the relation
between vitamin D deficiency and health outcomes such as cardiovascular disease, type 2
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diabetes mellitus, fertility, and bone development.2=> Because much of this research is
ongoing, the evidence linking vitamin D with benefits for nonskeletal outcomes has been
inconsistent.6

Healthcare providers have reported confusion regarding the correct methods of testing target
populations at high risk and clinically relevant definitions of vitamin D deficiency.’2
Although the 2011 Institute of Medicine (IOM) guidelines for vitamin D and calcium
emphasize the importance of vitamin D in skeletal health and those and the guidelines
published by the Endocrine Society agree that there is no need to screen the general
population routinely, there is still disagreement between the two expert panels. The IOM
emphasizes that 97.5% of the population are ensured bone health when levels of serum 25-
hydroxyvitamin D (25[OH]D) are = 20 ng/mL and defines vitamin D deficiency as <16
ng/mL.8 The Endocrine Society defines vitamin D levels as sufficient at >30 ng/mL,
insufficient between 21 and 29 ng/mL, and deficient at 20 ng/mL.10

It also is important that healthcare providers are aware of the variety of assay techniques
available for the measurement of serum 25(OH)D concentrations. Liquid chromatography-
tandem mass spectrometry is considered the gold standard!?, but a variety of other assay kits
are available, including the DiaSorin automated immunoassay test (DiaSorin, Saluggia,
Italy), the IDS radioimmunoassay (IDS Ltd, Tyne and Wear, UK) and enzyme
immunoassay, and automated protein binding assays. Compared with the gold standard,
other tests can produce variable results and in some cases, systematically undermeasure
serum 25(OH)D levels.11:12

Despite this controversy, research is ongoing and there is hope that this confusion will be
eliminated as additional data better defining adequate vitamin D levels and health-related
outcomes are reported. To help fill this gap in the research, data describing the trends in
diagnosis of vitamin D deficiency are needed. Using a large annual nationally representative
survey of outpatient department and office-based physicians, the objective of this
investigation was to examine unspecific, general, and bone-related vitamin D deficiency
diagnoses between 2007 and 2010 and to determine whether the rate of diagnoses differed
by patient age and sex.

Study Design

We used a retrospective study design to estimate the rate of outpatient visits linked with a
vitamin D deficiency diagnosis between 2007 and 2010. Data from the National Ambulatory
Medical Care Survey (NAMCS) and National Hospital Ambulatory Medical Care Survey
(NHAMCS) were used for this analysis. The NAMCS and NHAMCS are conducted by the
Centers for Disease Control and Prevention’s National Center for Health Statistics branch.
The NAMCS annually surveys outpatient visits to nonfederal-employee physicians who are
categorized by the American Medical Association or the American Osteopathic Association
as working “office based,” whereas the NHAMCS annually surveys ambulatory visits to
nonfederal, short-stay general hospitals. Our study was approved by the institutional review
board at our institution.
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Data Sources and Samples

NAMCS—The NAMCS includes data from a subset of physicians across 112 sampled
geographic areas in the United States. For each selected geographic location, a stratified
random sample of physicians is selected from the American Medical Association’s and
American Osteopathic Association’s physician master files. This stage of sampling is
stratified by physician specialty. Approximately 1% (3400) of US outpatient physician
offices are sampled annually, and visits are reported for a 1-week period of the survey year.
The portion of visits sampled during this 1-week period may vary from 100% for small
offices to 20% for large offices. On average, two of three sampled physician offices
participate in the survey. For each sampled visit, data are collected from the medical records
by the physician, physician’s staff, or a US Census Bureau representative. Beginning in
2006, the NAMCS included a sampling of community health centers, which typically are
located in medically underserved areas and provide services to people who are uninsured or
underinsured, earn a low income, or are individuals living in areas with little access to
primary health care.13

NHAMCS—The NHAMCS annually samples ambulatory visits to nonfederal, short-stay
general hospitals. Visits to both emergency and outpatient departments are sampled;
however, for the present analysis, only visits to outpatient departments were included.
Similar to the NAMCS, the NHAMCS includes hospital visit data from 112 geographic
areas. On average, 9% (480) of US hospitals with outpatient departments are sampled
annually, and visits are reported for a 4-week period of the survey year.

Outcome Variables

The NAMCS and NHAMCS data include information on the primary reasons for the visit
(maximum of three), medications prescribed (maximum of eight), diagnoses made by the
physician (maximum of three), procedures performed, and the expected methods of
payment.14-16 Diagnoses and procedures were classified using the International
Classification of Diseases, 9th Revision, Clinical Modifications (ICD-9-CM). Most items
have nonresponse rates of <5%. The inclusion criteria for the analysis were as follows:
NAMCS or NHAMCS visits sampled between 2007 and 2010 linked with a diagnosis of
vitamin D deficiency (ICD-9-CM 268.0, 268.1, 268.2, and 268.9). Variables included in this
analysis were patient sex and age, diagnoses rendered, survey year, and physician specialty
type for visits linked with a vitamin D deficiency diagnosis. Because poor bone health is an
important outcome of vitamin D deficiency, we also examined the annual per capita rates of
visits linked with a diagnosis of osteoporosis (ICD-9-CM 733.0) or a bone fracture (ICD-9-
CM 733.1 or 733.8) that may have been the result of osteoporosis. This secondary analysis
of bone disease was restricted to all visits at which patients were 45 years or older because
such bone diseases are not common in young individuals.1”

Statistical Analysis

Analyses were performed using SAS version 9.2 (SAS Institute, Cary, NC). To account for
the complex clustered sampling designs, SAS PROC SVYS was used. Survey weights,
which are the product of sampling fractions from each stage of the sampling, were applied
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with SAS PROC SVYS to provide unbiased national estimates of visits to ambulatory sites.
The National Center for Health Statistics provides these weights after adjusting for survey
nonresponse. The estimated number of visits linked with a vitamin D deficiency diagnosis
overall and by ICD-9-CM subcategories were reported. Per capita visit rates were calculated
by dividing the number of visits linked with a diagnosis by the estimated population size.
Population sizes were extracted from the US Census Bureau’s 2010 estimates of the number
of noninstitutionalized civilians. t Tests were used to compare visit rates per 100,000
population among age and sex subgroups. The proportion of vitamin D deficiency visits
associated with a diagnosis of osteoporosis or a bone fracture was reported. Patients’ age
and sex were characterized. Physician specialist subcategories are collected only the
NAMCS; therefore, the distributions of vitamin D deficiency visits by specialty were
reported for outpatient office data only. As complementary data, the rate of visits associated
with a diagnosis of osteoporosis or bone fracture per 100,000 population for people 45 years
old or older were reported. Summary statistics were reported as mean/proportion/total (95%
confidence interval [CI]).

There were 292 unweighted records associated with a diagnosis of vitamin D deficiency. An
estimated 7.5 million (95% CI 4.9-10.2 million) outpatient visits were linked with a
diagnosis of vitamin D deficiency in the United States between 2007 and 2010.
Approximately 97.2% (7.3 million visits) of diagnoses were for unspecified vitamin D
deficiency (ICD-9-CM 268.9) and 2.8% (0.2 million visits) were for vitamin D deficiency—
related osteomalacia (ICD-9-CM 268.2) and general vitamin D deficiency (ICD-9-CM
268.0). Before 2008, the annual rates of vitamin D deficiency diagnoses were too low to
meet the NAMCS?’ criteria for reporting data (= 30 unweighted records). For 2008-2010, the
visit rates associated with a vitamin D deficiency diagnosis per 100,000 population were 383
(95% CI 139-627) in 2008, 783 (95% CI 123-1444) in 2009, and 1177 (95% CI 705-1649)
in 2010. Approximately 9.6% (95% CI 3.4-15.7) of the visits were reported as having a
diagnosis of osteoporosis or bone fracture.

The mean patient age was 56.9 years (95% CI 53.8-60.0 years) and was not significantly
different by sex. Female patients were 2.6 times more likely to be diagnosed as having
vitamin D deficiency compared with male patients (P = 0.001) and individuals 65 years old
or older were also 2.9 times more likely to be diagnosed compared with individuals younger
than 65 (P = 0.003; Table). Among visits to outpatient offices (NAMCS data) for which
physician specialty was recorded, 81% were diagnosed by a primary care provider (general
and family practitioners, internists, and pediatricians). The remaining 19% of visits were to
assorted specialists.

In the entire 2007-2010 NAMCS and NHAMCS outpatient datasets, the visit rates per
100,000 population for visits associated with a diagnosis of osteoporosis or a bone fracture
among patients 45 years or older were 17,670 (95% CI 14,410-20,920) in 2007, 23,690
(95% CI 19,780-27,590) in 2008, 32,440 (95% CI 26,210-38,670) in 2009, and 22,550
(95% CI 17,870-27,230) in 2010.
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Discussion

Although the increase in diagnoses of vitamin D deficiencies beginning in 2007 may be
attributed to several factors, the most compelling factors are the 2007 change in the
guidelines that physicians use to define vitamin D deficiency and the increase in publicity
about and awareness of vitamin D deficiency screening. In addition, both physician and
patient awareness of the known and potential consequences of vitamin D deficiency has
grown because of a substantial increase in both academic and general media periodicals
concerning vitamin D deficiency.18 An increase in diagnoses among adults for bone disease
also occurred from 2007 to 2009. The concurrent increase in visits for osteoporosis and
vitamin D deficiency may be in part the result of more surveillance by physicians.® The
increase also may be attributed to the aging US population, which could result in patients
being at risk for developing osteoporosis.1®

Being older than 65 years or female was associated with a higher rate of visits linked with a
vitamin D deficiency diagnosis. Although being older in age and being female are associated
with an increased risk of osteoporosis,29-24 there were no statistical differences in the
prevalence of vitamin D deficiency between the two age groups or between the sexes.
Consequently, diagnoses were possibly rendered as preventive measures for these two
subgroups.

The NAMCS and outpatient department portion of the NHAMCS datasets are nationally
representative and generalizable to the outpatient setting. The reliability of information
provided in the NAMCS database is bolstered in that diagnoses and measures are recorded
by physicians or their appointed designees.

A limitation of this study is the absence of the criteria used to diagnose vitamin D
deficiency. Such measures may vary from serum 25(OH)D concentrations to sun exposure
or dietary intake data to other information garnered from patients, all of which can help to
confirm the diagnosis. Because of the design of the surveys used, we are not able to directly
confirm why there was a surge in diagnoses in recent years. In addition, the small sample
size (N = 292) limited our ability to conduct subgroup analyses. Despite the small sample
size, these data still illustrate a sharp increase in recent years of diagnosis-linked visits,
especially vitamin D deficiency diagnoses not linked with an additional diagnosis for bone
disease.

Although vitamin D deficiency can manifest itself in highly visible deformities, in the
present analysis, 90% of the diagnoses were not associated with a vitamin D deficiency-
related disease (osteoporosis or bone fracture). This finding may suggest that screening for
vitamin D deficiency in these patients was used as a preventive measure rather than as a
diagnostic aid. We emphasize the importance of providing consistent guidelines, testing
procedures, and diagnostic criteria to healthcare providers so that they can make informed
decisions when screening patients for vitamin D deficiency. Identifying and screening
individuals at risk for vitamin D deficiency is clinically valuable; however, unwarranted,
excessive screening may tax the healthcare system unnecessarily.
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Key Points

» Research on the potential consequences of vitamin D deficiency has rapidly
grown.

» Diagnoses of vitamin D deficiency also have increased rapidly, with women and
older individuals the most likely to receive this diagnosis.

e The majority of recent diagnoses of vitamin D deficiency have been
asymptomatic disease.

e With the surge in asymptomatic vitamin D deficiency diagnoses, physicians
often appear to be screening rather than confirming clinical manifestations
resulting from the deficiency.
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