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Abstract

Background—uUric acid, insulin sensitivity, and endothelial dysfunction may be important in the
development of hypertension. Corresponding circulating biomarkers are associated with risk of
hypertension in many studies. However, because these factors may be interrelated, whether they
independently influence risk is unknown.

Methods—Among 1,496 young women who did not have hypertension at baseline, we
prospectively analyzed the association between fasting plasma levels of uric acid, insulin,
triglycerides, the insulin sensitivity index, two biomarkers associated with endothelial dysfunction
(homocysteine and soluble intercellular adhesion molecule-1), and the odds of incident hypertension.
Odds ratios were adjusted for standard risk factors, and then for all biomarkers, plus estimated
glomerular filtration rate and total cholesterol. The population attributable risk was estimated for
biomarkers significantly associated with hypertension.

Results—All biomarkers were associated with incident hypertension after adjustment for standard
hypertension risk factors. However, after simultaneously controlling for all biomarkers, eGFR, and
total cholesterol, only uric acid and insulin were independently associated with incident hypertension.
Comparing the highest to lowest quartile of uric acid, the OR was 1.89 (1.26-2.82). A similar
comparison yielded an OR=2.03 (1.35-3.05) for insulin. Using an estimated basal incidence rate of
14.6 per 1000/year, 30.8% of all hypertension occurring in young women annually is associated with
uric acid levels >3.4 mg/dL. For insulin levels >2.9 plU/mL, this proportion is 24.2%.

Conclusions—Differences in uric acid and insulin robustly and substantially influence the risk of
developing hypertension among young women. Measuring these biomarkers in clinical practice may
identify higher risk individuals.

Introduction

Hypertension is highly prevalent, affecting approximately one-third of Americans.L and is a
leading cause of morbidity and mortality. The etiology of hypertension is unclear in the vast
majority of cases.3 Proposed pathophysiologic mechanisms include: 1) uric acid induced
activation of the renin angiotensin system (RAS) and injury to preglomerular renal vessels;#
2) reduced insulin sensitivitg and hyperinsulinemia with altered renal sodium handling and
enhanced sympathetic tone; 7 and 3) endothelial dysfunction with altered vascular tone and
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function.8-11 Measurement of these potential pathophysiologic factors may ultimately lead to
identification of high-risk individuals and improved prevention.

Circulating biomarkers related to these threefathophysiologic processes, specifically uric acid,
12-25 jnsylin,26: 27 and homocysteine,z& 9 have been associated with risk of hypertension
in most studies. However, because these factors may be interrelated, it is unknown whether
they are independently associated with risk of hypertension. Therefore, we measured uric acid,
insulin and triglycerides (to compute the insulin sensitivity index),30 and homocysteine and
soluble intercellular adhesion molecule-1 (both associated with endothelial dysfunction)
31-36 i a prospective nested case-control study of 1,496 young, healthy women from the
second Nurses' Health Study (NHS2) to determine whether differences in these biomarkers
precede and independently predict the onset of hypertension.

Study Population

The NHS2 is an ongoing prospective cohort of 116,671 female registered nurses that began in
1989. Participants are followed via biennial questionnaires that gather information on health-
related behaviors and medical events. Follow-up of participants was >90% through 2005.
During the years 1997-1999, 29,616 participants contributed blood samples that were stored
in liquid nitrogen (-130 C). We conducted a nested case-control study of incident hypertension
among those women who contributed blood samples and who did not have prevalent
hypertension at the time of blood collection. The institutional review board at Brigham and
Women's Hospital approved this study.

We selected cases and controls from among those who met the following criteria at the time
of blood collection: 1) blood sample collected after fasting for at least 8 hours; 2) no diagnosis
of hypertension; 3) no use of anti-hypertensive medications; 4) no diagnosis of cancer (except
non-melanoma skin cancer); 5) no diagnosis of either coronary heart disease or diabetes; and
6) BMI < 30 kg/m2. This last eligibility criterion was imposed because high BMI is a powerful
predictor of hypertension37v 38 and the biomarkers under study.39'43

Using risk-set sampling, we selected 750 cases who subsequently developed hypertension and
750 controls who did not develop hypertension. Controls were matched to cases on the
following factors: age (within 1 year), race, date of blood sample collection (within 1 month),
day of menstrual cycle if pre-menopausal (within 2 days), and time of day of the blood
collection (within 2 hours). In addition, controls were required to have had at least one clinician
examination during the two years prior to being selected as a control. After excluding 2 pairs
with missing biomarker data, the final study population included 748 case-control pairs
(N=1,496).

Biomarker Measurement

Uric acid was determined by oxidization with the specific enzyme uricase to form allantoin
and H,0, (Roche Diagnostics, Indianapolis, IN). The coefficient of variation (CV) using
quality control samples was 3.4%.

Insulin and triglyceride levels were used as biomarkers of insulin sensitivity, and were
measured using a radio-immunoassay and standard enzymatic methods, respectively (Roche
Diagnostics); the CVs were 10.4% and 14.1%. The insulin sensitivity index (glucose disposal
rate [M] corrected for fat-free mass; i.e., MFFM) was calculated for participants using the
following prediction equation that includes fasting insulin and triglyceride levels (triglyceride
levels converted to mmol/L):
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MFFM28{2'63 - [0.28 X In(insulin)] — [0.31 x In(triglycerides)]}

This calculated MFFM value has been validated 30, and has been accepted as an index of
insulin sensitivity.44

Homocysteine Hcy was measured using an enzymatic assay (Roche Diagnostics; CV = 7.4%),
and sSICAM was measured using an enzyme-linked immunoabsorbant assay (R & D Systems,
Minneapolis, MN; CV = 8.8%).

Total cholesterol was measured with a standard esterase-oxidase method (CV = 5.3%), and
creatinine was assayed using a modified Jaffe method (CV = 6.5%). Estimated glomerular
filtration Zfate (eGFR) was estimated using the Modification of Diet in Renal Disease (MDRD)
equation.

186 X creatinine "% x age_o'zo3 X 1.212 (if black) x 0.742 (female correction factor)

Ascertainment of Other Covariates

Age and BMI (weight in kilograms divided by the height in meters squared) were obtained
from the supplemental questionnaire that accompanied the submitted blood samples. Smoking
status (never, past, current), physical activity (metabolic equivalent task scores; METS), and
alcohol intake (g/d) were ascertained from the biennial questionnaire that immediately
followed submission of the blood sample (typically the 1999 biennial questionnaire). Family
history of hypertension was obtained from the 1989 questionnaire; race was self-classified.
Blood pressure (BP) was reported on the 1999 questionnaire in 9 systolic (SBP) categories
(<105, 105-114, 115-124, 125-134, 135-144, 145-154, 155-164, 165-174, and >175 mmHg)
and 7 diastolic (DBP) categories (<65, 65-74, 75-84, 85-89, 90-94, 95-104, and >105 mmHg).
Based upon these categories, we assigned participants a baseline BP using the middle value of
each category; for example, if a participant reported her SBP and DBP as 125-134 and 75-84,
respectively, she was assigned a BP of 130/80 mmHg. Self-reported BP in nurses has been
previously validated as predictive of future cardiovascular events. 46

Ascertainment of Hypertension

Clinician-diagnosed hypertension was self-reported by these health professionals on biennial
questionnaires. Self-reported hypertension was highly reliable amongst participants in a similar
cohort of nurses; specifically, the accuracy was 100% among a sub-study of randomly selected
participants who reported the diagnosis.

Women were considered to have prevalent hypertension at the time of blood collection if they
reported hypertension on the biennial questionnaire immediately following their blood
collection or on any prior questionnaire. For this study of incident hypertension, women with
prevalent hypertension were excluded. In addition, women who reported taking anti-
hypertensive medications on the questionnaire immediately following blood collection were
also excluded.

Statistical Analyses

Because the continuous baseline variables, including the biomarker levels, were not normally
distributed, differences between these variables among cases and controls were analyzed using
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the Wilcoxon rank-sum test. Differences in categorical variables between cases and controls
were compared using the chi square test.

To examine the correlations between age, BMI, and the studied biomarkers, we used Spearman
partial correlations, in which pair-wise Spearman correlation coefficients were computed after
adjusting for the other variables. For example, the Spearman correlation between BMI and uric
acid was adjusted for age, eGFR, insulin, triglycerides, Hcy, and sICAM.

The associations between the biomarkers and incident hypertension were analyzed with
biomarkers as continuous variables, and also with the biomarkers divided into quartiles with
the lowest quartile defined as the reference group. We used conditional logistic regression
conditioning on the matching factors to generate odds ratios (OR) and 95% confidence intervals
(95% CI).

Two types of analyses were conducted. First, each biomarker was analyzed individually (i.e.,
without other biomarkers in the model); the primary analyses adjusted for BMI (continuous),
physical activity, alcohol intake, smoking status, and family history of hypertension. Further
analyses were performed after adjusting for baseline SBP and DBP. Second, each biomarker
was analyzed after also adjusting for eGFR, total cholesterol, and all of the other biomarkers.

Population attributable risks were calculated for biomarkers using the adjusted quartile-specific
OR from the final multivariable models and with the lowest quartile defined as the “unexposed”
group. A baseline incidence rate of 14.6 cases per 1000 women annually (1.46% of the
population per year) for the unexposed group was estimated using the incidence rate for the
parent cohort (NHS 2).

All statistical analyses were conducted with SAS, version 9.1, Cary, North Carolina.

Baseline Characteristics

Uric Acid

The baseline characteristics of the entire study population by case status are shown in Table
1. The median age of the population was 43 years, and because this was a matching factor, did
not differ. The median BMI was higher among the cases (25.1 kg/m?) compared to controls
(23.2 kg/m?). Cases were also less physically active, had higher baseline BP values, and were
more likely to have a family history of hypertension.

With the sole exception of eGFR, all of the fasting biomarkers differed between cases and
controls at baseline. Cases had higher levels of uric acid, insulin, triglycerides, total cholesterol,
Hcy, and sICAM; conversely, cases had lower MFFM scores.

Many of the biomarkers were correlated with each other and with age and BMI. The partial
(i.e., adjusted) Spearman correlation coefficients among these variables are shown in Table 2.
Besides the expected high correlation between MFFM with insulin and triglycerides (which
are used to compute MFFM), the strongest correlations were: between BMI and uric acid (r =
0.22, p<0.001), insulin (r = 0.27, p<0.001), triglycerides (r = 0.19, p<0.001), and MFFM (r =
-0.35, p<0.001); and between eGFR and uric acid (r =-0.17, p<0.001) and Hcy (r = -0.20,
p<0.001).

The median uric acid level was 3.9 mg/dL, and <1% of the population had uric acid levels that
would be considered abnormally elevated (> 7.0 mg/dL).48, 49 After controlling for matching
factors and multivariable adjustment for BMI, physical activity, smoking, alcohol intake, and
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family history of hypertension, every 1 mg/dL increase in uric acid was associated with a 1.33-
fold higher odds of incident hypertension (95% CI, 1.15-1.53; Table 3). When uric acid was

examined in quartiles, the OR for the highest compared to lowest quartile was 2.17 (95% ClI,
1.51-3.11; Table 3). After further adjusting for baseline SBP and DBP, the same comparison
remained significant (OR=1.79; 95% Cl, 1.11-2.87).

Uric acid was also analyzed after further adjusting for eGFR, total cholesterol, triglycerides,
insulin, Hey, and sSICAM (Table 3); the results were attenuated but remained significant. Every
1 mg/dL increase in uric acid was associated with a 1.25-fold higher odds of incident
hypertension (95% CI, 1.06-1.46). The OR for women in the highest compared to lowest
quartile of uric was 1.89 (95% ClI, 1.26-2.82).

Insulin Sensitivity

The median values for insulin, triglyceride, and MFFM were, respectively, 4.6 plU/mL, 78
mg/dL, and 9.6. Six percent of individuals had hyperinsulinemia (i.e., >13.1 pIU/mL).50 Fewer
than 10% of participants had elevated triglyceride levels (>160 mg/dL), and <10% of
participants had MFFM scores <6.3 (definition of insulin resistance).

Every 2 plU/mL higher fasting insulin concentration was associated with a 1.14-fold higher
odds of incident hypertension (95% Cl, 1.07-1.22; Table 3). Further controlling for baseline
SBP and DBP did not attenuate the association (OR=1.19; 95% ClI, 1.09-1.30). Comparing the
highest to lowest quartile of insulin level, the OR was 2.41 (95% Cl, 1.64-3.54) before adjusting
for BP, and 2.22 (95% Cl, 1.37-3.60) after controlling for SBP and DBP. When eGFR, total
cholesterol, uric acid, triglycerides, Hcy, and sSICAM were included in the model, the OR was
1.11(95% Cl, 1.03-1.18) for every 2 plU/mL higher insulin level, and 2.03 (95% ClI, 1.35-3.05)
comparing the highest to lowest quartile (Table 3).

Although the fasting triglyceride concentration was also associated with incident hypertension
in the base multivariable model (Table 3) and also after adjusting for SBP and DBP, the
association did not persist when further controlling for eGFR, total cholesterol, uric acid,
insulin, Hey, and sSICAM (Table 3).

Each unit increase in MFFM score, an estimate of insulin sensitivity, was associated with a
lower odds of developing hypertension (OR=0.89; 95% ClI, 0.84-0.93; Table 3). Those women
in the highest compared to lowest quartile had a 48% reduced odds (OR=0.52; 95% CI,
0.35-0.76). This association persisted after controlling for baseline SBP and DBP; the OR was
0.88 (95% ClI, 0.82-0.94) for each unit increase and 0.54 (95% ClI, 0.33-0.90) comparing the
highest to lowest quartile. After further adjusting for eGFR, total cholesterol, uric acid, Hcy,
and sICAM (Table 3), these comparisons yielded ORs of 0.92 (95% CI, 0.87-0.97) and 0.69
(95% Cl, 0.46-1.04).

Homocysteine and sICAM

The median Hcy concentration in the study population was 11.6 pmol/L; 10% of participants
had elevated Hcy concentrations g> 15 umoI/L).51 The median sICAM level was 241 ng/mL
(similar to other populations).52' 5

After multivariable adjustment, every 2 umol/L increase in Hcy was associated with a 1.13-
fold higher odds of incident hypertension (95% CI, 1.05-1.22; Table 3). When Hcy was
examined in quartiles, the OR for the highest compared to lowest quartile was 1.38 (95% ClI,
0.99-1.93; Table 3). After further adjusting for baseline SBP and DBP, the ORs were 1.10
(95% Cl, 1.00-1.22) and 1.19 (95% ClI, 0.77-1.83), respectively. When eGFR, total cholesterol,
uric acid, insulin, triglycerides, and SICAM were included in the model (Table 3), the ORs
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were 1.08 (95% CI, 0.99-1.18) for each 2 umol/L increase and 1.27 (95% CI, 0.86-1.88)
comparing the highest to lowest quartile.

Although the soluble-ICAM concentration was associated with incident hypertension in the
base multivariable model (Table 3) and also after adjusting for SBP and DBP, the association
did not persist when further controlling for eGFR, total cholesterol, uric acid, insulin, Hey, and
SICAM (Table 3).

Estimated Population Attributable Risk

Comment

We estimated the percent of incident hypertension potentially attributable to higher uric acid
and insulin levels, which were the two biomarkers independently associated with hypertension
(Table 4). The population attributable risk associated with the top three quartiles of uric acid
(i.e., uric acid > 3.4 mg/dL) was 6.5 cases of hypertension per 1000 women per year. Given
an estimated baseline incidence rate of 14.6 cases per 1000 young women annually, 30.8% of
hypertension occurring in young women is associated with a uric acid > 3.4 mg/dL. The
attributable risk associated with insulin levels > 2.9 plU/mL was 4.7 cases per 1000 young
women annually. Therefore, an estimated 24.2% of hypertension occurring in young women
is associated with an insulin level > 2.9 plU/mL.

Among 1,496 non-obese young women without hypertension, diabetes, or coronary disease at
baseline, small differences in uric acid and insulin independently predicted clinically important
increases in the odds of subsequently developing hypertension. A substantial magnitude of the
population risk may be attributable to higher uric acid and insulin levels. Furthermore, these
associations were observed within ranges of these biomarkers that would be considered
“normal”.

Higher uric acid concentrations were independently associated with increased odds of
developing hypertension. To date, 14 prospective studies have examined this association;
12-25 of these, 12 have documented a direct association with either incident hypertension or
increase in BP.12: 15-25 Most of these reports were not fully adjusted for other physiologic
variables such as renal function, lipid levels, and measures of insulin resistance; controlling
for these factors is important given that higher uric acid levels may be coincident with
alterations in these other metabolic variables.#2: 96 Of the three studies that fully adjusted for
these physiologic variables (eGFR, lipid levels, insulin or insulin resistance), all involved
considerably older populations and two consisted only of men.13: 21, 23 Thys, our study
represents the only fully adjusted study to consist of young women.

The proposed mechanism linking uric acid with the onset of hypertension stems from a rat
model of moderate hyperuricemia.57'59 Johnson et al. showed that rats made hyperuricemic
developed increases in BP that were reversible by lowering the uric acid concentration.®®
Furthermore, hyperuricemia was associated with endothelial dysfunction, activation of the
renin-angiotensin system, and pre-glomerular vascular disease.” /59

However, substantial quantities of circulating uric acid are only a feature of advanced primates
in whom the uricase gene is deleted; rodents, in contrast, have very low uric acid levels due to
functional uricase.60 Furthermore, uric acid is a powerful antioxidant,sly 62 and intravenous
infusion of uric acid into humans actually improves endothelial function.83 Thus, itis not clear
that the association between uric acid and hypertension is causal. Even if a randomized trial
showed that uric acid lowering by xanthine oxidase inhibition decreased BP, this would not
establish causality because xanthine oxidase is an important enzyme in the generation of
oxidative stress and endothelial dysfunction.f’4 Indeed, a recent study in patients with heart
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failure demonstrated that allopurinol improved endothelial dysfunction while uric acid
lowering to a similar degree with probenecid (a uricosuric) did not.8° Nevertheless, our data
demonstrate that, in relatively healthy young women, small differences in plasma uric acid
levels, even within the normal range, powerfully predict the development of hypertension.

We also observed direct associations between insulin and triglyceride levels with incident
hypertension, and an inverse association between a validated estimate of the insulin sensitivity
index and incident hypertension. Triglyceride levels, however, were not independently
associated in the final models. Several studies have examined the association between measures
of insulin sensitivity (or resistance) and the risk of developing hypertension.%' 27 1nour study,
even after controlling for biomarkers from other proposed pathophysiologic pathways, we
observed a strong association between insulin levels (and MFFM) and risk of incident
hypertension.

Several theories exist to explain how insulin may promote hypertension. First,
hyperinsulinemia may disinhibit the sympathetic nervous system.6 Several placebo controlled
studies employing euglycemic clamp techniques demonstrated that insulin infusion is
associated with an increase in both plasma norepinephrine concentrations and systolic BP.S
7 Second, insulin may stimulate the renin-angiotensin system and enhance renal sodium
reabsorption. Euglycemic clamp studies have shown that insulin infusion increases both plasma
renin activity and angiotensin 1l levels.’> 66 Furthermore, insulin infusion into healthy
individuals leads to a reduction in sodium excretion.87-69

Higher levels of both Hcy and sSICAM are associated with endothelial dysfunction,?’l':"'6 and
in turn, endothelial dysfunction has been proposed as a risk factor for hypertension.70 Only
two prospective analyses have examined the association between Hcy concentrations and the
risk of incident hypertension;z& 29 none have examined sICAM. Neither of the Hcy studies
observed an association with hypertension. Although we noted significant associations
between Hcy and sSICAM and incident hypertension after adjustment for standard risk factors
and BP, these associations were no longer significant after the other biomarkers were
considered.

Our study has limitations that deserve mention. First, we relied on self-reported hypertension
and did not directly measure the BP of our participants; however, all participants are registered
nurses, and hypertension reporting by nurses is highly accurate.4” Second, controls may have
been misclassified if they were unaware of existing hypertension, but because we required
controls to have had a clinician examination during the follow-up period, this possibility is
reduced. Furthermore, this sort of misclassification tends to produce less significant results;
therefore, our findings may represent an underestimate of true associations. Third, because the
coefficients of variation for the insulin and triglyceride assays were > 10%, measurement error
(and as a result, misclassification of these biomarker levels) may have occurred. Because
measurement error is typically random, this type of misclassification would also tend to
produce less significant results; therefore, our observed associations between insulin levels,
MFFM, and hypertension risk may indeed represent underestimations of the true relations.
Fourth, we lacked information about the inflammatory biomarker C-reactive protein, which
was observed in a previous study of women to be associated with hypertension; however, that
study did not adjust for uric acid or markers of insulin sensitivity. 1 Moreover, our study
included sICAM, which is also considered a prominent inflammatory biomarker.9%: 3 Fifth,
we purposefully restricted our sample to women with BMI values < 30 kg/m?2. Although this
limits the generalizability of our findings to non-obese women, others have suggested that the
associations between a variety of these biomarkers and hypertension are stronger in leaner
individuals.20: 72, 73 Finally, our study population was almost entirely white. Therefore, our
findings are not necessarily generalizable to non-whites.
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In conclusion, small differences in uric acid and insulin sensitivity, even within ranges
considered normal, are robustly and substantially associated with an increased risk of
developing hypertension among young women. Measuring these biomarkers in clinical
practice may identify higher risk individuals. Future studies are required to determine whether
strategies to lower the levels of these biomarkers translate into a lower risk of developing
hypertension.

Acknowledgments

This work was supported by grants from the American Heart Association (0535401T), NIH (HL079929 and CA50385),
and TAP Pharmaceuticals. Dr. Forman had full access to all of the data in the study and takes responsibility for the
integrity of the data and the accuracy of the data analysis.

Grant Support: American Heart Association grant 0535401T, NIH grants HL079929 and CA50385, and TAP
Pharmaceuticals.

References

1. Fields LE, Burt VL, Cutler JA, Hughes J, Roccella EJ, Sorlie P. The burden of adult hypertension in
the United States 1999 to 2000: a rising tide. Hypertension 2004;44:398-404. [PubMed: 15326093]
2. Chobanian AV, Bakris GL, Black HR, et al. The Seventh Report of the Joint National Committee on
Prevention, Detection, Evaluation, and Treatment of High Blood Pressure: the JNC 7 report. Jama
2003;289:2560-72. [PubMed: 12748199]
3. Oparil S, Zaman MA, Calhoun DA. Pathogenesis of hypertension. Ann Intern Med 2003;139:761-76.
[PubMed: 14597461]
4. Johnson RJ, Feig DI, Herrera-Acosta J, Kang DH. Resurrection of uric acid as a causal risk factor in
essential hypertension. Hypertension 2005;45:18-20. [PubMed: 15557387]
5. Kern W, Fittje A, Fohr W, Kerner W, Born J, Fehm HL. Increase in systolic blood pressure and
catecholamine level during hyperinsulinemia in a placebo-controlled euglycemic clamp in healthy
subjects. Exp Clin Endocrinol Diabetes 2000;108:498-505. [PubMed: 11149624]
6. Reaven GM, Lithell H, Landsberg L. Hypertension and associated metabolic abnormalities--the role
of insulin resistance and the sympathoadrenal system. N Engl J Med 1996;334:374-81. [PubMed:
8538710]
7. Rooney DP, Edgar JD, Sheridan B, Atkinson AB, Bell PM. The effects of low dose insulin infusions
on the renin angiotensin and sympathetic nervous systems in normal man. Eur J Clin Invest
1991;21:430-5. [PubMed: 1936111]
8. Furchgott RF, Zawadzki JV. The obligatory role of endothelial cells in the relaxation of arterial smooth
muscle by acetylcholine. Nature 1980;288:373-6. [PubMed: 6253831]
9. Kojda G, Harrison D. Interactions between NO and reactive oxygen species: pathophysiological
importance in atherosclerosis, hypertension, diabetes and heart failure. Cardiovasc Res 1999;43:562—
71. [PubMed: 10690328]
10. Kubes P, Suzuki M, Granger DN. Nitric oxide: an endogenous modulator of leukocyte adhesion. Proc
Natl Acad Sci U S A 1991;88:4651-5. [PubMed: 1675786]

11. Radomski MW, Palmer RM, Moncada S. Endogenous nitric oxide inhibits human platelet adhesion
to vascular endothelium. Lancet 1987;2:1057-8. [PubMed: 2889967]

12. Alper AB Jr, Chen W, Yau L, Srinivasan SR, Berenson GS, Hamm LL. Childhood uric acid predicts
adult blood pressure: the Bogalusa Heart Study. Hypertension 2005;45:34-8. [PubMed: 15569853]

13. Forman JP, Choi H, Curhan GC. Plasma uric acid level and risk for incident hypertension among
men. J Am Soc Nephrol 2007;18:287-92. [PubMed: 17167112]

14. Hunt SC, Stephenson SH, Hopkins PN, Williams RR. Predictors of an increased risk of future
hypertension in Utah. A screening analysis. Hypertension 1991;17:969-76. [PubMed: 2045178]

15. Jossa F, Farinaro E, Panico S, et al. Serum uric acid and hypertension: the Olivetti heart study. J Hum
Hypertens 1994;8:677-81. [PubMed: 7807497]

Arch Intern Med. Author manuscript; available in PMC 2010 January 26.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Forman et al.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Page 9

Kahn HA, Medalie JH, Neufeld HN, Riss E, Goldbourt U. The incidence of hypertension and
associated factors: the Israel ischemic heart disease study. Am Heart J 1972;84:171-82. [PubMed:
5075070]

Krishnan E, Kwoh CK, Schumacher HR, Kuller L. Hyperuricemia and incidence of hypertension
among men without metabolic syndrome. Hypertension 2007;49:298-303. [PubMed: 17190877]

Masuo K, Kawaguchi H, Mikami H, Ogihara T, Tuck ML. Serum uric acid and plasma norepinephrine
concentrations predict subsequent weight gain and blood pressure elevation. Hypertension
2003;42:474-80. [PubMed: 12953019]

Mellen PB, Bleyer AJ, Erlinger TP, et al. Serum uric acid predicts incident hypertension in a biethnic
cohort: the atherosclerosis risk in communities study. Hypertension 2006;48:1037-42. [PubMed:
17060502]

Nakanishi N, Okamoto M, Yoshida H, Matsuo Y, Suzuki K, Tatara K. Serum uric acid and risk for
development of hypertension and impaired fasting glucose or Type Il diabetes in Japanese male office
workers. Eur J Epidemiol 2003;18:523-30. [PubMed: 12908717]

Perlstein TS, Gumieniak O, Williams GH, et al. Uric acid and the development of hypertension: the
normative aging study. Hypertension 2006;48:1031-6. [PubMed: 17060508]

Selby JV, Friedman GD, Quesenberry CP Jr. Precursors of essential hypertension: pulmonary
function, heart rate, uric acid, serum cholesterol, and other serum chemistries. Am J Epidemiol
1990;131:1017-27. [PubMed: 2343854]

Shankar A, Klein R, Klein BE, Nieto FJ. The association between serum uric acid level and long-
term incidence of hypertension: Population-based cohort study. J Hum Hypertens 2006;20:937-45.
[PubMed: 17024135]

Sundstrom J, Sullivan L, D'Agostino RB, Levy D, Kannel WB, Vasan RS. Relations of serum uric
acid to longitudinal blood pressure tracking and hypertension incidence. Hypertension 2005;45:28—
33. [PubMed: 15569852]

Taniguchi Y, Hayashi T, Tsumura K, Endo G, Fujii S, Okada K. Serum uric acid and the risk for
hypertension and Type 2 diabetes in Japanese men: The Osaka Health Survey. J Hypertens
2001;19:1209-15. [PubMed: 11446710]

Arnlov J, Pencina MJ, Nam BH, et al. Relations of insulin sensitivity to longitudinal blood pressure
tracking: variations with baseline age, body mass index, and blood pressure. Circulation
2005;112:1719-27. [PubMed: 16157770]

Hu FB, Stampfer MJ. Insulin resistance and hypertension: the chicken-egg question revisited.
Circulation 2005;112:1678-80. [PubMed: 16172279]

Bowman TS, Gaziano JM, Stampfer MJ, Sesso HD. Homocysteine and risk of developing
hypertension in men. J Hum Hypertens 2006;20:631-4. [PubMed: 16724071]

Sundstrom J, Sullivan L, D'Agostino RB, et al. Plasma homocysteine, hypertension incidence, and
blood pressure tracking: the Framingham Heart Study. Hypertension 2003;42:1100-5. [PubMed:
14597642]

McAuley KA, Williams SM, Mann JI, et al. Diagnosing insulin resistance in the general population.
Diabetes Care 2001;24:460-4. [PubMed: 11289468]

Brevetti G, Martone VD, de Cristofaro T, et al. High levels of adhesion molecules are associated with
impaired endothelium-dependent vasodilation in patients with peripheral arterial disease. Thromb
Haemost 2001;85:63-6. [PubMed: 11204590]

Gearing AJ, Hemingway |, Pigott R, Hughes J, Rees AJ, Cashman SJ. Soluble forms of vascular
adhesion molecules, E-selectin, ICAM-1, and VCAM-1: pathological significance. Ann N Y Acad
Sci 1992;667:324-31. [PubMed: 1285023]

Holmlund A, Hulthe J, Millgard J, Sarabi M, Kahan T, Lind L. Soluble intercellular adhesion
molecule-1 is related to endothelial vasodilatory function in healthy individuals. Atherosclerosis
2002;165:271-6. [PubMed: 12417277]

Nawawi H, Osman NS, Annuar R, Khalid BA, Yusoff K. Soluble intercellular adhesion molecule-1
and interleukin-6 levels reflect endothelial dysfunction in patients with primary
hypercholesterolaemia treated with atorvastatin. Atherosclerosis 2003;169:283-91. [PubMed:
12921980]

Arch Intern Med. Author manuscript; available in PMC 2010 January 26.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Forman et al.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Page 10

Tawakol A, Omland T, Gerhard M, Wu JT, Creager MA. Hyperhomocyst(e)inemia is associated with
impaired endothelium-dependent vasodilation in humans. Circulation 1997;95:1119-21. [PubMed:
9054838]

Woo KS, Chook P, Lolin Y1, et al. Hyperhomocyst(e)inemia is a risk factor for arterial endothelial
dysfunction in humans. Circulation 1997;96:2542-4. [PubMed: 9355891]

Gelber RP, Gaziano JM, Manson JE, Buring JE, Sesso HD. A prospective study of body mass index
and the risk of developing hypertension in men. Am J Hypertens 2007;20:370-7. [PubMed:
17386342]

Huang Z, Willett WC, Manson JE, et al. Body weight, weight change, and risk for hypertension in
women. Ann Intern Med 1998;128:81-8. [PubMed: 9441586]

Hoieggen A, Alderman MH, Kjeldsen SE, et al. The impact of serum uric acid on cardiovascular
outcomes in the LIFE study. Kidney Int 2004;65:1041-9. [PubMed: 14871425]

Li C, Ford ES, McGuire LC, Mokdad AH, Little RR, Reaven GM. Trends in hyperinsulinemia among
nondiabetic adults in the U. S Diabetes Care 2006;29:2396-402.

Marchesi S, Vaudo G, Lupattelli G, et al. Fat distribution and endothelial function in normal-
overweight menopausal women. J Clin Pharm Ther 2007;32:477-82. [PubMed: 17875114]

Moriarity JT, Folsom AR, Iribarren C, Nieto FJ, Rosamond WD. Serum uric acid and risk of coronary
heart disease: Atherosclerosis Risk in Communities (ARIC) Study. Ann Epidemiol 2000;10:136-43.
[PubMed: 10813506]

Shai I, Pischon T, Hu FB, Ascherio A, Rifai N, Rimm EB. Soluble intercellular adhesion molecules,
soluble vascular cell adhesion molecules, and risk of coronary heart disease. Obesity (Silver Spring)
2006;14:2099-106. [PubMed: 17135628]

Davies MJ, Baer DJ, Judd JT, Brown ED, Campbell WS, Taylor PR. Effects of moderate alcohol
intake on fasting insulin and glucose concentrations and insulin sensitivity in postmenopausal
women: a randomized controlled trial. Jama 2002;287:2559-62. [PubMed: 12020337]

Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D. A more accurate method to estimate
glomerular filtration rate from serum creatinine: a new prediction equation. Modification of Diet in
Renal Disease Study Group. Ann Intern Med 1999;130:461-70. [PubMed: 10075613]

Fiebach NH, Hebert PR, Stampfer MJ, et al. A prospective study of high blood pressure and
cardiovascular disease in women. Am J Epidemiol 1989;130:646-54. [PubMed: 2773913]

Colditz GA, Martin P, Stampfer MJ, et al. Validation of questionnaire information on risk factors and
disease outcomes in a prospective cohort study of women. Am J Epidemiol 1986;123:894-900.
[PubMed: 3962971]

Choi HK, Liu S, Curhan G. Intake of purine-rich foods, protein, and dairy products and relationship
to serum levels of uric acid: the Third National Health and Nutrition Examination Survey. Arthritis
Rheum 2005;52:283-9. [PubMed: 15641075]

Wortmann RL. Recent advances in the management of gout and hyperuricemia. Curr Opin Rheumatol
2005;17:319-24. [PubMed: 15838244]

Li C, Ford ES, Meng Y X, Mokdad AH, Reaven GM. Does the association of the triglyceride to high-
density lipoprotein cholesterol ratio with fasting serum insulin differ by race/ethnicity? Cardiovasc
Diabetol 2008;7:4. [PubMed: 18307789]

Kang SS, Wong PW, Malinow MR. Hyperhomocyst(e)inemia as a risk factor for occlusive vascular
disease. Annu Rev Nutr 1992;12:279-98. [PubMed: 1503807]

Grewal J, Chan S, Frohlich J, Mancini GB. Assessment of novel risk factors in patients at low risk
for cardiovascular events based on Framingham risk stratification. Clin Invest Med 2003;26:158-
65. [PubMed: 12934819]

Hoogeveen RC, Ballantyne CM, Bang H, et al. Circulating oxidised low-density lipoprotein and
intercellular adhesion molecule-1 and risk of type 2 diabetes mellitus: the Atherosclerosis Risk in
Communities Study. Diabetologia 2007;50:36-42. [PubMed: 17136392]

Hulthe J, Wikstrand J, Mattsson-Hulten L, Fagerberg B. Circulating ICAM-1 (intercellular cell-
adhesion molecule 1) is associated with early stages of atherosclerosis development and with
inflammatory cytokines in healthy 58-year-old men: the Atherosclerosis and Insulin Resistance (AIR)
study. Clin Sci (Lond) 2002;103:123-9. [PubMed: 12149102]

Arch Intern Med. Author manuscript; available in PMC 2010 January 26.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Forman et al.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71

72.

73

Page 11

Tzoulaki I, Murray GD, Lee AJ, Rumley A, Lowe GD, Fowkes FG. C-reactive protein, interleukin-6,
and soluble adhesion molecules as predictors of progressive peripheral atherosclerosis in the general
population: Edinburgh Artery Study. Circulation 2005;112:976-83. [PubMed: 16087797]

Iribarren C, Folsom AR, Eckfeldt JH, McGovern PG, Nieto FJ. Correlates of uric acid and its
association with asymptomatic carotid atherosclerosis: the ARIC Study. Atherosclerosis Risk in
Communities. Ann Epidemiol 1996;6:331-40. [PubMed: 8876844]

Kang DH, Nakagawa T, Feng L, et al. A role for uric acid in the progression of renal disease. J Am
Soc Nephrol 2002;13:2888-97. [PubMed: 12444207]

Khosla UM, Zharikov S, Finch JL, et al. Hyperuricemia induces endothelial dysfunction. Kidney Int
2005;67:1739-42. [PubMed: 15840020]

Mazzali M, Hughes J, Kim YG, et al. Elevated uric acid increases blood pressure in the rat by a novel
crystal-independent mechanism. Hypertension 2001;38:1101-6. [PubMed: 11711505]

Johnson RJ, Titte S, Cade JR, Rideout BA, Oliver WJ. Uric acid, evolution and primitive cultures.
Semin Nephrol 2005;25:3-8. [PubMed: 15660328]

Maxwell SR, Thomason H, Sandler D, et al. Antioxidant status in patients with uncomplicated insulin-
dependent and non-insulin-dependent diabetes mellitus. Eur J Clin Invest 1997;27:484-90. [PubMed:
9229228]

Scott GS, Cuzzocrea S, Genovese T, Koprowski H, Hooper DC. Uric acid protects against secondary
damage after spinal cord injury. Proc Natl Acad Sci U S A 2005;102:3483-8. [PubMed: 15728348]
Waring WS, McKnight JA, Webb DJ, Maxwell SR. Uric acid restores endothelial function in patients
with type 1 diabetes and regular smokers. Diabetes 2006;55:3127-32. [PubMed: 17065352]

Paravicini TM, Touyz RM. Redox signaling in hypertension. Cardiovasc Res 2006;71:247-58.
[PubMed: 16765337]

George J, Carr E, Davies J, Belch JJ, Struthers A. High-dose allopurinol improves endothelial function
by profoundly reducing vascular oxidative stress and not by lowering uric acid. Circulation
2006;114:2508-16. [PubMed: 17130343]

Perlstein TS, Gerhard-Herman M, Hollenberg NK, Williams GH, Thomas A. Insulin induces renal
vasodilation, increases plasma renin activity, and sensitizes the renal vasculature to angiotensin
receptor blockade in healthy subjects. J Am Soc Nephrol 2007;18:944-51. [PubMed: 17287426]
DeFronzo RA, Cooke CR, Andres R, Faloona GR, Davis PJ. The effect of insulin on renal handling
of sodium, potassium, calcium, and phosphate in man. J Clin Invest 1975;55:845-55. [PubMed:
1120786]

Norgaard K, Jensen T, Skott P, et al. Effects of insulin on renal haemodynamics and sodium handling
in normal subjects. Scand J Clin Lab Invest 1991;51:367-76. [PubMed: 1947721]

Skott P, Hother-Nielsen O, Bruun NE, et al. Effects of insulin on kidney function and sodium excretion
in healthy subjects. Diabetologia 1989;32:694-9. [PubMed: 2676669]

Rossi R, Chiurlia E, Nuzzo A, Cioni E, Origliani G, Modena MG. Flow-mediated vasodilation and
the risk of developing hypertension in healthy postmenopausal women. J Am Coll Cardiol
2004;44:1636-40. [PubMed: 15489096]

. Sesso HD, Buring JE, Rifai N, Blake GJ, Gaziano JM, Ridker PM. C-reactive protein and the risk of

developing hypertension. Jama 2003;290:2945-51. [PubMed: 14665655]

Liese AD, Mayer-Davis EJ, Chambless LE, et al. Elevated fasting insulin predicts incident
hypertension: the ARIC study. Atherosclerosis Risk in Communities Study Investigators. J Hypertens
1999;17:1169-77. [PubMed: 10466473]

. Shetterly SM, Rewers M, Hamman RF, Marshall JA. Patterns and predictors of hypertension

incidence among Hispanics and non-Hispanic whites: the San Luis Valley Diabetes Study. J
Hypertens 1994;12:1095-102. [PubMed: 7852755]

Arch Intern Med. Author manuscript; available in PMC 2010 January 26.



Page 12

*1s8) aJenbs 142 U1 Y1IM Sa|geLIeA [eo11068180 pue ‘1S81 WNS-3Ue UOX0DIAA 8yl Buisn pazAeue a1am Ss|qeLIeA SNONUNU0D
“Jus2Jad se passaldxa ale sa|gerien eatiofere) “(sjnuadlad Emm.rzmv UBIPaW SB Passaldxa aJe Sa|geLieA snonunuo)

"(3x@1 985) sari0bayed ul syuedioned Aq pauiodal a1am s4g 2110ISeIP pue 21|0ISAS
*

Forman et al.

100°0> (67€-6.T) 8€C (ve€-98T) Sve (62€-2871) VT (w/Bu) WvDIs
100°0> (021-62) €TT (8'6T-v'8) 6'TT (e81-2'8) 91T (10w sursisAoowioH
100°0> (Sez-L€T) 18T (zGz-€vT) 16T (Svz-0vT) 98T (p/Bw) [ose1saloyd [e10L
100°0> (6'51-59) 2°0T (0v1-55) 6'8 (0'51-09) 9'6 NEEI
100°0> (021-6€) 0L (vT2-vv) 88 (06T-01) 8L (Ip/Bw) sapLioA|BLL
100°0> (Tor-TT) 0V (9GT-¥'T) €6 (zet-zT) 97 (wy/nim) unsu
810 (601-99) ¥8 (rTT-v9) 98 (e11-59) 58 (weL T/uwy|w) Y499
100°0> (552 Lt (8582 1Y (95-22)6°€ (p/Bw) proe aun
Siaxdewolq mc_ummn_

100°0> €Ly 829 T'SS (9%) uotsusuiadAy jo Aoisty Ajie
100'0> (08-09) 02 (06-02) 08 (28-09) 02 (BHww) dga
100'0> (0€1-00T) OTT (0v1-0TT) 0T (ov1-00T) 02T ,(BHWW) dgs
8.0 (05100871 (00z-0) 61 (5210091 (p/B) a>ejut [0yY01Y
97’0 6T [eord L'ze (%) 4o¥jows 1sed
62°0 X4 8'g A (%) J>jows Waun)
2000 (T'29-01T) v'€T (57580 2'TT (6'95-6'0) v'eT (SL3) Ananoe eatsAyd
100'0> (8'82-T'6T) 2'€T (e'62-102) T'ST (z'62-9'6T) TvC (;w/Bx) Ing
J030e} Buyorew (6v-9¢) €v (6v-9¢) €v (6v-9¢) €V (K) abv
alfisayi/a160j01sAud

anjeA-d (8v2=U) sjonu0D (8y2=U) ssseD (96'1=U) IV ansLisloeIRyYD

Arch Intern Med. Author manuscript; available in PMC 2010 January 26.

uonendod Apns syl Jo sonsiasloeIRyD auljeseq
TalqelL

NIH-PA Author Manuscript NIH-PA Author Manuscript

NIH-PA Author Manuscript



Page 13

Forman et al.

"T-3|NJ8joW UOISaYpe Jejn|[32Ja1ul 3|gnjos
INWOIS ‘autalsAoowoH ‘AoH ‘(INH4) SSew 934y 1ey 10) palaalI09 (IN) a1ed [esodsip 8s0an|b ‘NHHIN ‘Sap1adA|Bin Bunsey ‘Bui] ‘ulnsul Burisey ‘suj ‘a1el UOIRI|IS JRINIBWIOID PaleWSs ‘Y493 ‘pIoe ouN ‘v

‘BlL pue su| pue NN
U33M]9( SUOIIR|8.1100 3y} Joy 3dadxa ‘Bli| pue su| oy paisnipe Jou aJe sajqelen Jaylo pue 44N Usamiag suoiie[allo) “INd4IA 103 1da0xa siaxJewolq Jay10 sy} J0j paisnipe s JUaI91}Ja00 UoIe|a1i0d yoe

G0°0>d
k4
‘10°0>d
4
‘100°0>d
x
00T , 600 1 80°0 100 , S€0- L 670 Al €00 L 20 INg
00T LITO +90°0 4 L0°0- LIT0 10°0- Lero ¥0°0- aby
00T +900 LT LET0 £90°0 +90°0- £ 670 NVDIS
00T 4+90°0- L 110 800°0- , 020 LET0 KoH
00T L 260 , 960 , 600 LSTO- NEEIL
00T L6T0 1000 Lo B
00T L 070 1 600 su
00T LLT0 499
00T vN
Ing aby VOIS AoH WHdIN B suj d499 vn

1\g pue ‘abe ‘sisdjaewolq Buowe suoire[al109 uew.aesds [ended
¢39l|qelL

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Arch Intern Med. Author manuscript; available in PMC 2010 January 26.



Page 14

Forman et al.

‘uoisualadAy o A101siy Ajiwey pue ‘axelul joyodfe ‘AlAnde [eaisAyd Jo 1ans)] ‘sniels Bujows ‘|G 1o} paisnipe pue ‘si0joe) Buiydlew uo pauonipuod T |9po

(1D %S6) O aJe synsay

(62'7-8L°0)8T'T (T9'T-v2°0) 60T (T2'1-280)8T'T (ot (cT'1-660) 90°T 42 19POIN
(62'2-80'T) 8S'T (¥8'1-16'0) 62'T (z8'1-26'0) 0€'T (1) 01T (ST'T-€0T) 80°T T [3POIN
602 6T 281 €91 L $3580 JO "ON
(269-0L2) 96¢ (692-zv2) 5S¢ (Tvz-812) 62C (LTz-g6) 98T Tw/Bu Oz 4od VOIS
(88'1-98°0) L2'T (z0'z-26'0) OV'T (89'1-68'0) 6T'T (1) 01T (8T'1-66'0) 80°T 92 [3pOIN
(€6'1-66'0) 8€'T (66'T-€0T) EV'T (26'T-¥8°0) GT'T (1) 01T (zz1-50T)€T'T T I3pOIN
91z 981 981 091 8y. $8580 JO "ON
(8'€9-6°€T) 8'ST (8°€T-LTT) 9°CT (9'TT-0°0T) 8°0T (001-09) 0'6 /10w g Jad au181sAI0WoH
(¥0'1-9%°0) 69°0 (26'0-2¥0) 29°0 (Sv'1-69'0) 00'T (1) 01T (26'0-28'0) 260 az 19ponN
(92°0-5€'0) 250 (72'0-6€'0) 150 (0£'7-€9'0) 16°0 (ot (€6'0-¥8'0) 680 T 19pON
GeT g 502 T€Z 8TL 9580 JO 'ON
(e'v2-9TT) 0°€T (§'71-9'6) ¥'0T (566'2) 68 (82-977) 89 Hun T J8d EEI]
(92'T-GL°0)ST'T (€0'2-G6°0) 6E'T (77'1-0L°0) 00°T (ot (80'1-96°0) 20'T Pz 19POIN
(0§'2-22T)SL'T (r€'2-02T) L9°T (8G'T-18°0) €T'T (1) 01T (€T'T-20T) L0'T T [3POIN
162 802 291 LT 8yL $3580 JO "ON
(085-0TT) VT (601-6L) 26 (82-65) 89 (85-21) 8V p/Bu 02 4od Sop1190AI6LI L
(S0'e-S€'T) €0°2 (7,'1-68'0) 2C'T (S¥'1-€2'0) €0°T (1) 01T (8T'T-€0T) TT'T 92 [3pOIN
(rS'e-v9'1) T2 (26'1-26'0) LE'T (15'1-82'0) 80°T (1) 01T (zz1-20T)¥T'T T I3pOIN
e 08T 65T LET 8T, S8SeD JO "ON
(8'821-T'2) 96 (0'L-L%) 85 (97-62) 8¢ (82-z0)0C w/NIM g Jad urnsul
(z8'2-921)68°T (0v'z-0TT) 29T (z8'1-88°0) L2'T (1) 01T (9v'1-90'T) G2'T ez |9ponN
(TT'e-18T) LTC (ov'zTeT) 2Lt (00'2-20T) €V'T (10T (eS'T-STT) €E'T T I9PON
ove 81 681 vET 8vL 9580 JO 'ON
(8'8-9%) T'S (Sv-ov ey (6'e-ve)Le (ee-s1)0°€ p/Bw T Jod pioe oLIN
(abueu) (abueu) (abueu) (ebueu)
uelpaw ¢ s|14end uelpaw ¢ a|nuend uelpaw z sjiaend uelpaw T ajn4end snonunuo) Jaxydeworg bunseH

NIH-PA Author Manuscript

uoIsua1IadAH 1UBpPIdU] JO YsIY pue sisdaewolg a|dilN|Al UsaMIag UoIIeIoossy

€o|qeL
NIH-PA Author Manuscript

NIH-PA Author Manuscript

; available in PMC 2010 January 26.

Arch Intern Med. Author manuscript



Page 15

Forman et al.

NIH-PA Author Manuscript

$3]qeLIBA SNONUNUOI SB 3UIBISAI0WOoY pue ‘sapLiaok|Bi ‘uinsul Bunsey ‘proe oun
S3]qeLIBA SNONUAUOD SB NWDIS PUB ‘sap1iadk|Bui ‘urnsui Bunsey ‘pioe oun
S8]gBLIEA SNONUILOD SB AWDIS PUB ‘autslsAdowioy ‘urjnsut Bunsey ‘pioe oun
S9|gRLIEA SNONUIUOD SB AWDIS PUB ‘aulelsAoowioy ‘saplisak|Bia ‘pioe oLn
S$3]qeLIBA SNONUUOD SB NWDIS puB ‘aulslsAkoowoy ‘pioe oLn

S8]qRLIBA SNONUINUOD SB NWDIS PUB ‘autelsAoowioy ‘saprisok|Bin ‘urnsul Bunsey

NIH-PA Author Manuscript

q
e
:snjd ‘|oJaisa|oyo (101 “y49 snid T [9POIAl Ul S3|qRLIBA |[B 1o} paisnipe pue ‘s10}oe) BUIydIew Uo PauonIpuod g [3POIA

NIH-PA Author Manuscript

Arch Intern Med. Author manuscript; available in PMC 2010 January 26.



Page 16

/N1 6'Z < UInNsul Ue Y1im pajerdosse si uawom BunoA ur Builindgo uoisusuadAy Jo 9z vz = [(S9'v+97T)/S9 1]
p/Bw '€ < pIde 1IN B YlIM pajeldosse si uawom BunoA ui Buriinago uoisuapadAy 40 98°0€ = [(T5°9+9'+T)/15°9]
‘uorrejndod a3 Jo 9 ay1 Ag parjdinjnw a1eJ 8dUSPIdUI BUI|ASEq By pue a1eJ 8duspIdul paisnipe ay) Usamiag aoualaydip ayl s st ajgeingue uonendod ay L
"(40) s anne|ai paisnipe ayl Ag parjdijnw ayel 3d3UapIdUl auljaseq ay} S ajed aduaploul paisnipy
‘(11 ApMmS Y1feaH ,$8sINN) 110y02 Juased 8y JO a1eJ 9UBPIdUI LWOJY UMRIP S| e 82UaPIdUl auljaseg
*

S99y 67<
GLe 9'6¢ €0'C 14 (8821-12) 96
080 8'LT [44 14 (0L-Lv) 88
010 0'ST €0'T Ge (9v-677) 8°€
00 hy 0T G¢ (8zz0)0C

(qwyni) uynsuy

769 v'e<

sz 9'/2 68'T 14 (8891 T'S
82'C Leg 29T 514 (Sr-ov) 2y
86'0 681 12T Ge (6e-ve) L
00 I 01T 14 (ee-sT) 0

(p/Bw) proy ouN

Forman et al.

(Ad 000t 48d) (Ad 000T 48d)
Ys1d 8]qeInqLIY uonendod ayey aouapiou| paisnipy dO Z I3poN uone|ndod €101 J0 % 1887 JaxreWoIg

U1jNSU| pue pIoY/ d14N YIM Paleloossy uolsusliadAH Jo Msiy 8|geingliny uonejndod parewns3
¥ 9l|qel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Arch Intern Med. Author manuscript; available in PMC 2010 January 26.



