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Abstract

Objective—To determine if type 2 diabetes mellitus (DM) is protective against giant cell arteritis 

(GCA) and to estimate the incidence of GCA diagnosis in the Medicare population.

Methods—Medicare 5% claims files from 1991-2011 were used to identify beneficiaries 

diagnosed with DM, but not GCA, within a three-year ascertainment period. Propensity score 

matching was used to define a control group of non-diabetics with comparable demographic 

covariates. Competing-risk regression was then used to assess the impact of DM diagnosis on 

GCA diagnosis. To allow for a three-year ascertainment period, the analysis sample was limited to 

beneficiaries over 68 years old at baseline.

Results—A total of 151,041 beneficiaries diagnosed with DM were matched to an equal number 

of controls. Mean study follow-up was 67.75 months. GCA was diagnosed among 1,116 

beneficiaries with DM (0.73%) versus 465 (0.30%) controls. The risk of receiving a GCA 

diagnosis among patients with DM was increased by 100% (sub hazard ratio (SHR): 2.00; 95% 

confidence interval (CI): 1.78 2.25). The annual incidence of GCA diagnosis among U.S. 

Medicare beneficiaries over 68 was 93 in 100,000.

Conclusion—A DM diagnosis is not protective against a GCA diagnosis in the Medicare 

population. Our data suggests that a DM diagnosis increases the risk of GCA diagnosis within 5.7 

years for Medicare beneficiaries over 68.

Introduction

Giant cell arteritis (GCA) is a T-cell dependent vasculitis of medium and large arteries, 

almost exclusively affecting patients over age 50(1). Histologically, GCA causes a 
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panarteritis with infiltration of the vessel wall by activated T-cells and macrophages(1). 

Destruction of the internal elastic lamina and intimal hyperplasia lead to an occlusive 

vasculitis, which can result in irreversible blindness, myocardial infarction, or stroke if 

untreated. Diagnosis of GCA requires careful consideration of clinical presentation and 

serum inflammatory markers. Ultimately, the diagnostic gold standard for GCA remains 

temporal artery biopsy (TAB).

Clinically, the diagnosis can be quite challenging, especially in the absence of headache, jaw 

claudication, or other systemic GCA symptoms. Physicians must weigh their clinical index 

of suspicion in the context of serum erythrocyte sedimentation rate (ESR), C-reactive 

protein (CRP), and platelet levels to decide when to start corticosteroids and proceed with 

TAB. Unfortunately, ESR and CRP are not 100% sensitive or specific, and equivocal serum 

inflammatory markers can occur in biopsy proven GCA. Conversely, chronically elevated 

ESR and CRP can occur in patients without GCA who have diabetes mellitus (DM), 

cardiovascular disease, and metabolic syndromes (2-7).

Previous reports have identified a potentially protective effect of DM against GCA (5, 8-9). 

Proposed mechanisms include an altered cytokine profile, impaired T cell response, and 

impaired dendritic cell function due to excessive antigen glycosylation(5, 8-9). One recent 

retrospective study found a lower prevalence of DM among patients with a positive TAB 

than with a negative TAB(5). A meta-analysis of eight GCA studies found a low prevalence 

of biopsy positive GCA among patients with DM(5). The authors suggested that DM may 

actually lower the risk of GCA. Additionally, they implied that elevated ESR and CRP may 

result from DM and may not increase the likelihood of GCA diagnosis. If this is true, our 

GCA practice patterns for patients with DM may change dramatically. Therefore, we sought 

to explore this hypothesis in a larger patient population. Given the low incidence of GCA, it 

is not practical to study the relationship between DM and GCA prospectively (10-19). 

Therefore, we queried the Medicare 5% claims and enrollment data, and then followed 

beneficiaries through time to compare the incidence of GCA diagnosis among individuals 

with and without a DM diagnosis.

Methods

Institutional review board approval was obtained for this study from Duke University 

Medical Center.

Data

Medicare is a national health insurance program that serves Americans who live within the 

geographical borders of the U.S. Most Medicare beneficiaries qualify at age 65. Younger 

individuals with a qualifying disability may also be enrolled. The Medicare 5% claims 

dataset is a nationally representative, random sample of the overall Medicare beneficiary 

population containing information on services paid for by Medicare Part A (covering 

hospital and other facility-based services) and Medicare Part B (covering professional 

services, mostly services provided by physicians). Claims information is not available for 

beneficiaries who enroll in a Medicare Advantage (MA) plan, a private alternative to 

traditional Medicare. The 5% Medicare claims and enrollment data from 1991-2011 was 
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queried for diagnoses of DM and GCA. Demographic characteristics, enrollment 

information, International Classification of Diseases, 9th Revision (ICD-9) codes, and 

Current Procedure Terminology (CPT) codes were available for the entire sample. 

Beneficiaries enrolled in Medicare Advantage (MA) plans were excluded since the 5% 

sample does not include claims for care provided by MA.

Sample Selection

To assess the incidence of GCA diagnosis, study inclusion required an ascertainment period 

of three-years during which a diagnosis of GCA was not documented. Since TAB results are 

not part of the Medicare 5% sample data, GCA was defined as 1) any beneficiary who 

received a GCA diagnosis (ICD-9 446.5) following a temporal artery biopsy (CPT 37609), 

or 2) any patient who received two GCA diagnoses (ICD-9 446.5) within 180 days. To 

ensure the availability of a three-year ascertainment period, beneficiaries were required to be 

age 68 or older at baseline. Baseline was defined as the date of the first type 2 DM diagnosis 

(ICD-9 250.xx) for the DM group and the first date, after the beneficiary's 68th birthday, a 

Medicare claim appeared in the claims data for the non-DM group. All beneficiaries 

diagnosed with DM received this diagnosis prior to being diagnosed with GCA. The non-

DM control group was identified using propensity score matching (PSM) to select a matched 

sample of beneficiaries who were never diagnosed with type 2 DM during the three-year 

ascertainment period or during follow up.

Current standards of PSM research accept a standardized difference of roughly 10% 

between the treatment and control groups for all covariates of interest (20-23). Matching 

covariates were: gender; black race; other race (white race omitted); baseline year; age at 

baseline; and binary variables for hypertension (ICD-9 401.xx) and hyperlipidemia (ICD-9 

272.0x–272.4x) at baseline. We used logistic regression to estimate the propensity score and 

nearest neighbor matching (without replacement) within a caliper of 0.001 to identify the 

match. The size of the caliper was well below the 20% of the standard deviation of the 

propensity score guideline suggested in the literature (24).

Beneficiaries meeting the inclusion criteria were followed until they were 1) diagnosed with 

GCA, 2) died, or 3) otherwise censored. Beneficiaries were censored if they 1) joined a MA 

plan, 2) moved outside the U.S., or 3) had no Medicare claims during follow-up.

Statistical Analysis

The DM and non-DM group were compared using a competing-risk regression model based 

on the method of Fine and Gray(25). The underlying rationale for competing risk regression 

has been discussed elsewhere (26-28). Briefly, competing risk regression uses the 

cumulative incidence function to model probability of failure from a specific cause (the 

primary risk), in the presence of other events that could prevent the outcome of interest (the 

competing risks). GCA diagnosis was the primary risk, and death was the competing risk. 

The sub-hazard ratios (SHR) are interpreted like hazard ratios in Cox regression. Given the 

advanced age and morbidity of the Medicare population, competing-risk regression was 

chosen over Cox regression because the risk of death from all other causes could potentially 

censor the observations of interest prematurely.
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The incidence of GCA was calculated by dividing the number of GCA diagnoses for the 

PSM matched cohort by the total number of person years, which was calculated by 

multiplying the number of PSM matched beneficiaries by the average study time.

Results

A total of 151,041 beneficiaries with a type 2 DM diagnosis were matched to an equal 

number of beneficiaries without a type 2 DM diagnosis. In the absence of PSM, the 

beneficiary mix in the DM and non-DM groups was not comparable with respect to 

hyperlipidemia, hypertension, and baseline year, as these covariates exceeded the 10% 

standardized difference criterion(20-23). PSM substantially improved the comparability of 

both groups, bringing all covariates well within the 10% guideline (Table 1).

In the pooled sample, the majority of subjects were Caucasian (82.3%) and female (58.8%). 

A total of 9.9% were black, and 7.8% were identified as other race. The mean beneficiary 

age at baseline was 77.7 years. The mean age for black and non-black beneficiaries was 77.6 

years and 77.7, respectively (p<0.01). Substantial beneficiary fractions were diagnosed with 

hyperlipidemia (26.8%) and hypertension (59.1%).

Mean study time was similar for the DM and non-DM groups (67.4 months, and 68.1 

months, respectively). Median follow up was 56 months for the DM group and 57 months 

for the non-DM group. GCA was diagnosed among 1,116 (0.73%) beneficiaries in the DM 

group versus 465 (0.30%) beneficiaries in the non-DM group. Death, the competing-risk 

event occurred in 94,273(62.42%) of the DM group and 80,512(46.39%) of the non-DM 

group. The risk of receiving a GCA diagnosis among beneficiaries diagnosed with type 2 

DM increased by 100% (SHR: 2.00; 95% confidence interval (CI): [1.78, 2.25]). Non-white 

race and male gender were primarily protective. Hyperlipidemia and hypertension increased 

the risk of GCA (Table 2, Figure 1).

Of the 302,082 PSM-matched beneficiaries included in this study, 1,581 were diagnosed 

with GCA (GCA group). The majority (85%) of the GCA group had a GCA diagnosis 

following TAB, while only 15% of the GCA group had two diagnoses of GCA within a 180 

day period, but no TAB. We conducted a sensitivity analysis omitting the two diagnosis 

only group and observed no notable changes in the results. The mean study time for the 

entire matched cohort was 67.8 months, or 5.7 years. The annual incidence of GCA 

diagnosis was, therefore, 92 diagnoses per 100,000 beneficiaries. The incidence of GCA 

diagnosis was significantly higher among white beneficiaries than black beneficiaries (98 

per 100,000 vs. 77 per 100,000, respectively [p<0.001]).

Discussion

Contrary to previous reports suggesting a protective effect of DM on GCA, we found that 

Medicare beneficiaries over age 68 with a type 2 DM diagnosis were more likely to receive 

a GCA diagnosis than beneficiaries over age 68 without a DM diagnosis. Therefore, DM is 

not protective against GCA in this population, and DM actually increases the risk of GCA 

by 100%.
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Pathophysiologic links between DM and GCA have been proposed, but not well defined. 

Previous studies have suggested that an impaired T-cell response in DM is protective against 

GCA, however, our results suggest the opposite (5,8-9). The study by Matthews et al was a 

retrospective study of 215 patients at one academic institution (5). One strength of the 

Matthews study is that all subjects underwent TAB. However, only 44 patients had biopsy-

positive GCA, and only 4 of these patients had DM. Similarly, Cid et al studied 200 biopsy-

positive GCA patients at 3 hospitals, and Gonzalez-Gay et al studied 215 biopsy-positive 

patients at one hospital (8-9). The relatively small sample sizes in these studies compared to 

our sample of over 300,000 Medicare beneficiaries may explain our conflicting results. 

Moreover, our random sampling of the national database removes the selection bias inherent 

in the single center studies. Because our inclusion criteria did not mandate TAB results like 

the aforementioned studies, we acknowledge our GCA incidence may be overestimated. 

However, the overwhelming majority (85%) of our GCA group received a GCA diagnosis 

following TAB, implying that the biopsy was positive.

Mounting evidence suggests a common abnormality between cell-mediated immune 

dysfunction in patients with DM and GCA, which may support our findings. Specifically, 

regulatory T-cell (Treg) deficiency has been implicated in various autoimmune and 

metabolic disorders including rheumatoid arthritis, atherosclerosis, diabetes type-1, 

metabolic syndrome, and multiple sclerosis(30). Patients with GCA and polymyalgia 

rheumatic (PMR) may have decreased serum levels of these immunosuppressant Treg 

cells(31). Conceivably, an impaired immune response, possibly due to Treg deficiency, may 

represent a common thread between DM and GCA that could explain the increased risk of 

GCA diagnosis we found in type 2 diabetic Medicare beneficiaries over 68.

The annual incidence of GCA has been previously reported in geographically and ethnically 

homogenous populations over age 50. Retrospective studies of primarily Scandinavian 

populations from Northern Europe and Olmsted County, Minnesota indicate an annual 

incidence around 20 per 100,000 individuals over age 50(10-15). A lower GCA incidence of 

10 per 100,000 was reported in Mediterranean populations over age 50(14, 16-19). An 

accurate annual incidence of GCA across the entire U.S. population has not been firmly 

established. The study herein demonstrates the overall incidence of GCA diagnosis is 92 per 

100,000 U.S. Medicare beneficiaries over age 68. This is not necessarily inconsistent with 

previous published series, but cannot be compared directly due to the different age of the 

populations studied. Despite the inherent age restrictions encountered in Medicare-based 

studies like ours, the incidence of GCA diagnosis in this large, heterogeneous, nationally 

representative sample defines the annual GCA in the patient population most afflicted by 

this potentially devastating disease.

GCA rarely occurs among black individuals(19,32). In our study, the incidence of GCA 

diagnosis was significantly higher among white beneficiaries than black beneficiaries. The 

reasons for this difference are unclear, and further research is needed to determine the effect 

of race on GCA diagnosis.

We acknowledge the inherent limitations of using billing records to measure disease 

incidence. Medicare claims data are designed for administrative rather than for clinical 

Abel et al. Page 5

J Neuroophthalmol. Author manuscript; available in PMC 2016 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



purposes. However, use of these data has been shown to provide valid measures of 

underlying clinical phenomena. We also recognize that not all providers use strict diagnostic 

criteria when coding for GCA. Moreover, we assumed that 1) a GCA diagnostic billing code 

following a TAB CPT code implies that the TAB was positive, and 2) two GCA ICD-9 

codes within 180 days indicates the presence of GCA. However, the Medicare database 

yielded a nationwide sample of more than 300,000 beneficiaries, which represents a large, 

diverse cohort adequate to study the incidence of GCA diagnosis. Using this national sample 

of real world practicing providers makes our data highly generalizable to the elderly 

population. Conceivably, we may be overestimating the incidence of GCA by including 

beneficiaries with two GCA diagnoses within 180 days, and not requiring a GCA diagnosis 

after TAB for study inclusion. This study's retrospective design is also a limitation, however, 

the relative rarity of GCA makes a true prospective study comparing the incidence of GCA 

in diabetics and non-diabetics nearly impossible. Finally, PSM does not completely 

eliminate selection bias or replace random assignment.

In conclusion, we found that DM is not protective against GCA in the Medicare population. 

Moreover, our data suggest that a diagnosis of DM increases the risk of GCA diagnosis in 

Medicare beneficiaries over 68. Contrary to previous studies, our results suggest that 

elevated ESR and CRP are just as concerning in diabetic patients as they are in non-diabetic 

patients undergoing GCA evaluation. Ideally, a prospective study would further clarify the 

relationship between DM and GCA. To our knowledge, this is the largest population based 

study to report the incidence of GCA in the Medicare population.
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Figure 1. Cumulative Incidence of GCA by whether or not a beneficiary was diagnosed with 
Diabetes Mellitus
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Table 2
Risk factors for giant cell arteritis

Giant Cell Arteritis, SHR(95% CI)

Diabetic 2.00**

(1.78 2.25)

Male 0.47**

(0.41 0.53)

Black 0.76*

(0.62 0.93)

Hyperlipidemia 1.27**

(1.12 1.42)

Hypertension 1.22*

(1.09 1.36)

Age at baseline 0.97**

(0.96 0.98)

Baseline year 0.98**

(0.97 0.99)

N 302,082

% with condition 0.52

*
p<0.05;

**
p<0.01 Confidence intervals are reported at 95%

Abbreviations: SHR, sub hazard ratio; CI, confidence interval

Note: Other race, including Hispanic ethnicity were also controlled for in the analysis.
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