
Supplemental Analyses

Supplemental Analysis 1: Practice Variation in the Evaluation of Secondary Causes of Osteoporosis

A preliminary literature search of MEDLINE identified no studies of strategies to diagnose secondary causes of osteoporosis in postmenopausal women who have low bone density or fragility fractures. A review of published practice guidelines and expert opinions about diagnostic strategies for secondary osteoporosis confirmed this finding, because there were no publications cited as background or evidence. Based on this investigation, we determined that evidence supporting an appropriate evaluation for secondary causes in women with osteoporosis was lacking. To determine how physicians actually conduct these evaluations in clinical practice in the absence of evidence, we next performed a supplemental analysis based on responses to a questionnaire (Appendix S1-1). Support for this separate project was provided by the Outcomes Management Group, Division of Medical Informatics and Outcomes Research, Oregon Health & Science University. The principal investigator of the project was Cynthia Morris, Ph.D.

Methods

We designed a mailed, self-administered questionnaire to measure the following: (1) frequency of use of bone density testing in postmenopausal women, and characteristics influencing the decision to order it; (2) frequency of evaluation for secondary causes of osteoporosis for women with confirmed low bone density; (3) referral patterns for women diagnosed with osteoporosis; (4) principal secondary causes of osteoporosis considered in the evaluation; (5) factors influencing the decision to evaluate secondary causes; and (6) laboratory tests used routinely and selectively as indicated by history and physical examination in women with confirmed osteoporosis. 

We used the American Medical Association (AMA) list of U.S. practitioners to identify physicians in active practice who are not in military service; both members and nonmembers of the AMA are contained in this list. To enable a comparison of primary care practitioners to specialists (endocrinologists), 500 physicians each in internal medicine, family practice, and obstetrics and gynecology were randomly selected using a nationwide sampling strategy. One thousand endocrinologists were similarly chosen nationwide. Questionnaires were mailed to subjects in January 2000. Because this was intended as a pilot project, additional mailings were not provided. Responses were accepted up until April 1, 2000. Analysis included descriptive frequencies only.

Results

A total of 367 of the 2,500 mailed questionnaires (15 percent) were completed and returned. The average age of physician respondents was 47.3+10.9 years. Thirty-two percent of the sample was female and 68 percent male. Ninety-three percent of respondents were in practice full-time and 7 percent part-time. Private or group practice types predominated in the sample (76 percent) compared with 10 percent who work in an academic medical center, 5 percent in an HMO, and 6 percent in other settings. Fifty-five percent of respondents practiced in a large city (>200,000 population), 35 percent in a midsized city (25,000–200,000 population), and 10 percent in a small town or rural environment. 

Thirty-five percent of the respondents recommended bone density testing for the majority (>75 percent) of all postmenopausal women; 42 percent recommended it for 25 to 75 percent; 22 percent recommended it for less than 25 percent; and 2 percent recommended it for none (Table S1-1). Internists and endocrinologists recommended testing for a larger proportion of postmenopausal women than did obstetricians/gynecologists or family practitioners. This recommendation was similar to the reported frequency of ordering bone density tests. More internists, endocrinologists, and obstetricians/gynecologists order bone density tests on a weekly basis than do family practitioners (Table S1-2). Overall, 58 percent of respondents said they ordered more than one bone density test per week, 33 percent more than one test per month, 8 percent more than one test per year, and one percent never ordered this test.

After the diagnosis of osteoporosis was made by bone density testing in a postmenopausal woman, endocrinologists evaluated women for secondary causes of osteoporosis more frequently than other practitioners (Table S1-3). Fifty-four percent of endocrinologists reported that they evaluate more than 75 percent of all women with osteoporosis for a secondary cause. The majority of internists, family practitioners, and obstetricians/gynecologists reported that they occasionally or rarely evaluate women for secondary causes and rarely refer women to a specialist. This would indicate that the majority of women with osteoporosis diagnosed in a primary care setting are not undergoing investigations for secondary causes of osteoporosis.

Three factors were cited as strongly influential in the decision to evaluate a woman for secondary causes by more than 90 percent of the responding physicians: no response to 1 year of treatment for osteoporosis, very low bone density, and osteoporosis in a premenopausal woman. When asked which age group they would most likely evaluate for secondary causes, respondents most often cited the youngest group, women 45–54 years of age. Concomitant serious medical illness, history of an atraumatic fracture, and unwillingness to undergo treatment for osteoporosis were modestly influential in the decision to evaluate osteoporosis in a woman, cited at least half the time by respondents.

Hyperthyroidism and hyperparathyroidism were selected by more than 60 percent of the sample as the most common secondary causes of osteoporosis, followed by hypogonadism and vitamin D deficiency, which were noted by about one-third of respondents. Tests to evaluate these disorders were cited by respondents who were asked to indicate which laboratory tests they routinely order in this situation (Table S1-4). (Thirty-four respondents noted that they did not evaluate for secondary causes, and did not respond to this question.) The majority of physicians reported routinely ordering a metabolic panel, complete blood count, and thyroid-stimulating hormone to rule out a secondary cause of osteoporosis. A sizeable sample noted that measures of calcium metabolism—specifically 24-hour urinary calcium, ionized calcium, parathyroid hormone, and 25-OH vitamin D—were ordered either routinely or selectively if indicated by history and physical examination. 

Conclusions

The results of our analysis of physician practice pattern variation in the evaluation of secondary causes of osteoporosis in women indicated a lack of consensus. Physician test-ordering behavior differed among primary care practitioners and specialists. Family practitioners less frequently recommended bone density tests for postmenopausal women, obtained bone density tests, and underwent evaluations for secondary causes than did internists, endocrinologists, and obstetricians/gynecologists. Endocrinologists more frequently evaluated patients for secondary causes than did other practitioners. Thyroid-stimulating hormone, chemistry battery, and complete blood count were the most frequently ordered tests cited by respondents. These also were the most frequently recommended tests in our review of expert guidelines.

These data are limited by the low response rate and may not be representative of true practice variation that would be observable only within a large data set. Respondents likely represented a physician community most interested in osteoporosis, as evidenced by the higher response rate (21 percent) of endocrinologists, and may not reflect actual community practice.

Table S1-1.
Proportion of postmenopausal women for which bone density testing is recommended*


Internists
Family Practitioners
Endocrinologists
Obstetricians/
Gynecologists

>75%
22 (42%)
9 (20%)
80 (42%)
15 (23%)

25-75%
20 (38%)
19 (42%)
83 (43%)
25 (38%)

<25%
8 (15%)
16 (36%)
27 (14%)
26 (39%)

None
2 (4%)
1 (2%)
2 (1%)
0

*Percentages may not equal 100 because of rounding

Table S1-2.
How often do you obtain bone density measurements for your postmenopausal women patients?*


Internists
Family Practitioners
Endocrinologists
Obstetricians/
Gynecologists

Frequently
(>1 patient/wk)
31 (60%)
15 (33%)
128 (66%)
35 (53%)

Occasionally
(>1 patient/mo)
17 (33%)
20 (44%)
59 (31%)
22 (33%)

Rarely
(>1 patient/yr)
3 (6%)
10 (22%)
4 (2%)
9 (14%)

Never
1 (2%)
0
2 (1%)
0

*Percentages may not equal 100 because of rounding 

Table S1-3.
How often do you evaluate a woman with osteoporosis for secondary causes?*


Internists
Family Practitioners
Endocrinologists
Obstetricians/
Gynecologists

Frequently
(>1 patient/wk)
10 (20%)
4 (9%)
104 (54%)
12 (18%)

Occasionally
(>1 patient/mo)
17 (33%)
11 (24%)
66 (35%)
10 (15%)

Rarely
(>1 patient/yr)
22 (43%)
28 (62%)
20 (10%)
34 (52%)

Never
2 (4%)
2 (4%)
1 (1%)
9 (14%)

*Percentages may not equal 100 because of rounding 

Table S1-4. Laboratory tests ordered to assess secondary causes of osteoporosis


Routinely
Only if indicated by history & exam

TSH – Thyroid-stimulating hormone
92%
 6%

Chemistry battery
87%
 9%

Complete blood count
69%
20%

24-hour urine calcium
44%
37%

Parathyroid hormone
43%
45%

Urinalysis
42%
33%

25-OH vitamin D
41%
40%

Serum protein electrophoresis
37%
48%

Ionized calcium
32%
43%

T3/T4 – Thyroxine or T3
31%
47%

Erythrocyte sedimentation rate
24%
50%

Bone-specific alkaline phosphatase
18%
52%

Serum or urinary collagen crosslinks
18%
50%

Urine pH
18%
50%

Cortisol
16%
63%

1,25(OH)2D3
16%
57%

24-hour creatinine clearance
15%
52%

Spinal X-ray or CT scan
10%
60%

Osteocalcin
 7%
56%

Blood gas
 0.6%
62%

Bone biopsy
 0.3%
64%

Figure S2-5. Sensitivity analyses for HRT cost when osteoporotic women are treated with HRT*
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*Cost per hip fracture prevented (excluding dominated scenarios) for QUS/BUA cut points for which there are substantive differences between low HRT cost ($957) and high HRT costs ($1,633)

HRT=Hormone replacement therapy

DXA=dual-energy X-ray absorptiometry

QUS=quantitative ultrasound

BUA=broadband ultrasound attenuation

Appendix S1-1. Survey form: Practice Variation

[Form goes here]
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		Incremental Cost Effectiveness Ratio (ICER)

								ICER				tot_cost		fra_pre		DXA cost		DXA cost

		HRT		50		Sequentl		164372.24		lowst co		123423.17		0.75088		low		99

		HRT		50		QUS only		278902.92		incremen		169961.28		0.91774		low		99

		HRT		50		DXA only		305831.64		incremen		335813.59		1.46004		low		99

		HRT		55		Sequentl		191882.34		lowst co		168093.15		0.87602		low		99

		HRT		55		QUS only				extn dom		261278.84		1.12631		low		99

		HRT		55		DXA only		287185.3		incremen		335813.59		1.46004		low		99

		HRT		60		Sequentl		199529.92		lowst co		208086.43		1.04288		low		99

		HRT		60		DXA only		306187.54		incremen		335813.59		1.46004		low		99

		HRT		60		QUS only				econ dom		361056.41		1.33489		low		99

		HRT		50		Sequentl		182646.9		lowst co		137145.18		0.75088		high		183		.

		HRT		50		QUS only		196666.92		incremen		169961.28		0.91774		high		183

		HRT		50		DXA only		460727.64		incremen		419813.59		1.46004		high		183

		HRT		55		Sequentl		217162.34		lowst co		190238.99		0.87602		high		183

		HRT		55		QUS only		283827.89		incremen		261278.84		1.12631		high		183

		HRT		55		DXA only		475049.36		incremen		419813.59		1.46004		high		183

		HRT		60		Sequentl		229554.88		lowst co		239398.96		1.04288		high		183

		HRT		60		QUS only		416624.63		incremen		361056.41		1.33489		high		183

		HRT		60		DXA only		469508.99		incremen		419813.59		1.46004    .              .    econ dom    .       .		high		183

		=======		=======		=======		=======		=======		=======		=======		=======		=======		=======

																HRT cost		HRT cost

		HRT		50		Sequentl		.		extn dom		102016.63		0.75088		low		669.63

		HRT		50		QUS only		134111.78		lowst co		123079.39		0.91774		low		669.63

		HRT		50		DXA only		306096.28		incremen		289075.2		1.46004		low		669.63

		HRT		55		Sequentl		158492.24		lowst co		138842.69		0.87602		low		669.63

		HRT		55		QUS only		186877.11		incremen		185616.54		1.12631		low		669.63

		HRT		55		DXA only		310013.89		incremen		289075.2		1.46004		low		669.63

		HRT		60		Sequentl		165580.8		lowst co		172681.47		1.04288		low		669.63

		HRT		60		QUS only		278740.23		incremen		254075.66		1.33489		low		669.63

		HRT		60		DXA only		279669.68		incremen		289075.2		1.46004    .              .    econ dom    .       .		low		669.63

		HRT		50		Sequentl		207673.51		lowst co		155937.06		0.75088		high		1243.6

		HRT		50		QUS only		365000.6		incremen		216841.55		0.91774		high		1243.6

		HRT		50		DXA only		430956.83		incremen		450549.16		1.46004		high		1243.6

		HRT		55		Sequentl		245735.68		lowst co		215269.86		0.87602		high		1243.6

		HRT		55		QUS only		.		extn dom		336938.51		1.12631		high		1243.6

		HRT		55		DXA only		402865.37		incremen		450549.16		1.46004		high		1243.6

		HRT		60		Sequentl		257783.34		lowst co		268837.96		1.04288		high		1243.6

		HRT		60		DXA only		435598.08		incremen		450549.16		1.46004		high		1243.6

		HRT		60		QUS only        .				econ dom		468033.44		1.33489		high		1243.6
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&L*Cost per hip fracture prevented (excluding dominated scenarios)  for QUS/BUA cut points for which there are substantive differences between low HRT cost ($957) and high HRT costs ($1,633)
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