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Hypertension is the most common diagnosis in US ambu-
latory visits1,2 and a leading cause of stroke, heart disease, 
and kidney failure. Despite its high prevalence and sig-
nificant consequences, the pathogenesis of hypertension 
remains incompletely understood. Blood lactate, a product 
of anaerobic respiration, is a marker of insufficient oxidative 
capacity; when oxidative capacity decreases, blood lactate 
rises as a consequence of increased flux through anaerobic 
pathways.3,4 Previous studies suggest that lactate is elevated 
among individuals with insulin resistance and obesity.5,6 
Moreover, a small number of clinical studies have shown 
that lactate is associated with hypertension.3,7,8 However, 

these studies were mainly cross-sectional7,8 or limited to 
obese individuals.3 Whether elevations in lactate precede a 
diagnosis of hypertension is unknown.

The purpose of this study was to (i) describe the rela-
tionship between lactate and incident hypertension after 
accounting for traditional hypertension risk factors, includ-
ing baseline systolic and diastolic blood pressure (BP), and 
(ii) to evaluate whether this association was modified by 
other hypertension risk factors. We hypothesized that lac-
tate would be independently associated with incident hyper-
tension, reflecting underlying decreased oxidative capacity, 
before the diagnosis of hypertension.
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background
Recent evidence suggests that insufficient oxidative capacity or mito-
chondrial dysfunction may play a causal role in the development of 
high blood pressure. However, this hypothesis has not been tested 
in the general population. We hypothesized that lactate, a measure 
of oxidative capacity, would be positively associated with incident 
hypertension even after accounting for traditional hypertension risk 
factors.

methods
Plasma lactate was measured in 5,554 participants from the 
Atherosclerosis Risk in Communities (ARIC) Study with no subclinical 
or diagnosed hypertension at baseline (1996–1998). Incident hyper-
tension was defined by self-report or hypertension medication use. 
Analyses were performed with Cox proportional hazards models.

results
The mean age was 61.9 years, and the mean lactate was 0.8 mmol/L. 
During a median follow-up period of 11.9 years (range = 26.9 days to 

13.4  years), there were 3,849 new cases of hypertension. The fourth 
quartile of lactate (compared with the first quartile) was associated 
with an elevated risk of hypertension (hazard ratio (HR)  =  1.18; 95% 
confidence interval (CI)  =  1.07–1.31) even after adjustment for tradi-
tional risk factors, including baseline systolic and diastolic blood pres-
sure. This association was stronger when the population was restricted 
to participants with normal blood pressure (<120 mm Hg/<80 mm Hg; 
HR  =  1.42; 95% CI  =  1.23–1.63). In strata of sex, the association was 
strong in women vs. null in men (Pinteraction = 0.01).

conclusions
Plasma lactate is associated with incident hypertension in women, 
especially with a normal blood pressure (<120 mm Hg/<80 mm Hg). 
Future studies should elucidate the mechanisms underlying these 
observations.
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METHODS

Study population

The Atherosclerosis Risk in Communities (ARIC) Study 
is a community-based, prospective cohort of 15,792 adults. 
Enrollment of predominantly black and white adults aged 
45–64  years occurred from 4 US communities (Forsyth 
County, North Carolina; Jackson, Mississippi; subur-
ban Minneapolis, Minnesota; and Washington County, 
Maryland) in the period from 1987 to 1989. The fourth 
scheduled study visit (1996–1998) was attended by 11,656 
participants and consisted of physical examinations, medi-
cal interviews, and laboratory tests. The fourth visit served 
as the baseline for our prospective study because lactate was 
measured in stored plasma collected during this visit.

Participants with the following characteristics were 
excluded from our study population: (i) prevalent cases of 
diagnosed or subclinical hypertension (n = 5,557); (ii) not 
fasting ≥8 hours (n = 604); (iii) missing valid measurements 
of plasma lactate (n = 170); (iv) not contributing follow-up 
time (n = 234); (v) underrepresented racial groups (n = 31); 
or (vi) missing relevant covariable data (n = 499). The total 
number of excluded participants was 6,102 (note that some 
participants were excluded for multiple reasons), resulting in 
a study population of 5,554. Prevalent cases of diagnosed or 
subclinical hypertension were defined as (i) a mean systolic 
BP ≥140 mm Hg (based on 2 measurements),9 (ii) a mean 
diastolic BP ≥90 mm Hg (based on 2 measurements),9 or (iii) 
hypertension medication use during the past 2 weeks.

The study protocol was approved by institutional review 
boards at each of the four clinical sites, and written informed 
consent was obtained from all participants.

Plasma lactate

Plasma specimens were collected during visit 4 in 1996–
1998 and stored at −70  ºC in sodium fluoride–potassium 
oxalate tubes. Specimens were kept on ice and plasma and 
were measured within 15 minutes of collection to avoid 
hemolysis. In 2011, lactate was measured using an Olympus 
AU400e auto-analyzer (Olympus, Hamburg, Germany) by 
an enzymatic reaction that converts lactate to pyruvate.10 
The inter-assay coefficient of variation was 4.4% (based on 
the average of 3 laboratory plasma control pools with means 
8.9, 11.5, and 36.0 mg/dl).

Incident hypertension

Among persons without hypertension at baseline (after 
excluding the prevalent cases as described above), we identi-
fied incident cases of hypertension between baseline (ARIC 
visit 4, 1996–1998) and 12 August 2012 (the last follow-up 
date available) during annual telephone calls to all par-
ticipants. Throughout this study, response rates for annual 
telephone follow-up averaged >90%. Participants were clas-
sified as incident cases if they reported a physician diagnosis 
of hypertension or hypertension medication use. The date a 
participant reported hypertension served as the date of diag-
nosis. The participants who did not develop hypertension 

were administratively censored on the date of their last 
annual follow-up response.

Covariables

Data collection was carried out by highly trained per-
sonnel using standardized protocols with comprehensive 
quality control measures previously described.11,12 Age, sex, 
race, and smoking status were assessed in 1996–1998 by 
self-report. Leisure time, an index of physical activity, was 
assessed during the first visit of ARIC (1987–1989) using a 
modified Baeke Physical Activity questionnaire.13 Prevalent 
coronary heart disease was based on a prevalent coronary 
heart disease at visit 1 (determined based on electrocar-
diograms, self-report, or previous coronary procedures) or 
an adjudicated event developed between visit 1 and visit 
4.  Diabetes status was defined based on a fasting glucose 
≥126 mg/dl, a self-reported diagnosis of diabetes, or self-
reported diabetes medication use. Waist circumference was 
measured at the umbilical level as well as standing height 
and weight to calculate body mass index. High-density lipo-
protein cholesterol, triglycerides, fasting glucose, and fast-
ing insulin were measured in serum. Triglycerides were log10 
transformed to normalize distribution. Fasting glucose was 
quantified using a hexokinase method.

At each visit, BP was measured early during the clinic 
visit after 5 minutes of rest and before most procedures (e.g, 
physical examination and phlebotomy). Certified technicians 
used a random-zero sphygmomanometer to take 3 BP meas-
urements for the first 3 visits, recording the average of the 
second and third measurements, and 2 BP measurements for 
the fourth visit and the Carotid Magnetic Resonance Imaging 
(CARMRI) substudy, which were averaged. The BP measure-
ments from CARMRI were used for the sensitivity analysis.

Statistical analysis

Baseline characteristics of the study population were 
expressed as means and proportions by quartiles of lactate. 
Trends across quartiles were evaluated using the median of 
each quartile as a continuous variable. Cox proportional haz-
ards models were used to examine the association between 
baseline plasma lactate (divided into quartiles or as a con-
tinuous variable) and risk of incident hypertension using 3 
nested models. This was performed in the population over-
all and by sex. Model 1 was adjusted for age, sex, race-study 
center (a composite variable including both race and ARIC 
study center). Model 2 was adjusted for all variables in model 
1 plus body mass index and waist circumference. Model 3 
was adjusted for all variables in model 2 plus baseline sys-
tolic BP, baseline diastolic BP, high-density lipoprotein cho-
lesterol, log10 triglycerides, prevalent coronary heart disease, 
smoking status (never, former, or current), fasting glucose, 
insulin, diabetes status, and physical activity index. We used 
a restricted cubic spline to depict the continuous relation-
ship between plasma lactate and hypertension adjusted for 
model 3 variables. In this model, the 25th percentile served 
as the reference lactate concentration, and knots were placed 
at the 25th, 50th, and 75th percentiles. This was further 
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overlaid with a kernel density plot to characterize the dis-
tribution of baseline lactate concentrations. In sensitivity 
analyses we also adjusted for low-density lipoprotein choles-
terol, estimated glomerular filtration rate, log10-transformed 
high-sensitivity C-reactive protein, uric acid concentration, 
education level, and alcohol use. These variables had little 
influence on the association of lactate with incident hyper-
tension and, therefore, were not included in our final models.

We also examined the association of lactate with inci-
dent hypertension by strata of traditional hypertension risk 
factors that were also associated with lactate. These factors 
were sex, race (black vs. white), obesity (no or yes; ≥30 kg/
m2), prehypertension (no or yes; systolic BP ≥120 mm Hg 
and <140 mm Hg or diastolic BP ≥80 mm Hg and <90 mm 
Hg9), and diabetes (no or yes; fasting glucose ≥126 mg/dl, a 
self-reported diagnosis of diabetes, or self-reported diabetes 
medication use).

We also performed the following sensitivity analyses: 
(i) restriction of the study population to participants with 
a plasma lactate <2  mmol/L, corresponding to the clinical 
value of mild hyperlactemia;14 (ii) restriction of the study 
population to participants without prevalent coronary heart 
disease because of its known association with lactate; (iii) 
restriction of the study population to participants without 
prehypertension (i.e., normal BP, systolic BP <120 mm Hg 
and a diastolic BP <80 mm Hg9). These were performed 
using models 1–3. Using model 3 only, we also compared 
the prospective association of lactate (per 1 SD) and incident 
hypertension with baseline systolic and diastolic BP (per 1 
SD) in the overall population, as well as in subpopulations 
restricted to either a plasma lactate <2 mmol/L or partici-
pants without coronary heart disease. We conducted this 
comparison in strata of normal BP and prehypertension as 
well as by sex. Finally, to address potential misclassification 
due to self-reported hypertension, we repeated our prospec-
tive analysis in 1,153 ARIC participants who participated in 
CARMRI conducted in 2005–2006.15 For this analysis, we 
limited incident cases of hypertension to CARMRI partici-
pants who were using BP-lowering medications or who were 
hypertensive by BP measurement (average of 3 systolic BP 
measurements ≥140 mm Hg or 3 diastolic BP measurements 
≥90 mm Hg).

RESULTS

In our study population of 5,554 participants, the mean 
plasma lactate was 0.8  mmol/L (SD  =  0.3), ranging from 
0.3 to 6.2  mmol/L (Table  1). Ninety-nine percent of the 
study population (n  =  5,513) had a lactate concentration 
<2 mmol/L, well within the normal range of lactate.14 Age, 
smoking status, and physical activity index did not differ 
significantly across quartiles of baseline lactate. Male sex, 
black race, prehypertension status, systolic BP, diastolic BP, 
prevalent coronary disease, prevalent diabetes, waist cir-
cumference, triglycerides, fasting glucose, and fasting insu-
lin demonstrated positive trends across lactate quartiles (all 
Ptrends < 0.001). In contrast, high-density lipoprotein choles-
terol demonstrated a monotonic decrease across increasing 
lactate quartiles (Ptrend < 0.001).

Over a median follow-up period of 11.9  years 
(range = 26.9 days to 13.4 years), there were 3,849 new cases 
of self-reported diagnosed hypertension. The unadjusted 
10-year cumulative incidence across quartiles of lactate con-
centration was 14.6%, 18.3%, 21.5%, and 32.3% (quartiles 
1–4, respectively) (Supplementary Figure S1). There was a 
significant association between quartiles of lactate and risk 
of incident hypertension after adjustment for demographic 
characteristics (model 1; Ptrend = 0.001) (Table 2). This trend 
changed minimally with adjustment for measures of adi-
posity (model 2; Ptrend  =  0.001). The association remained 
significant, although moderately attenuated, after further 
adjustment for systolic and diastolic BP as well as other hyper-
tension risk factors (model 3; Ptrend = 0.001). Compared with 
the first quartile of lactate, the highest quartile was associated 
with a significant increase in risk of hypertension (hazard 
ratio (HR) = 1.18; 95% confidence interval (CI) = 1.07–1.31), 
even after adjustment for all covariables, including baseline 
BP. Similarly, when examined as a continuous variable with 
adjustment for all covariables, every 1 mmol/L higher base-
line lactate was associated with 1.22 (95% CI  =  1.09–1.36) 
times the hazard of incident hypertension (model 3). When 
examined by strata of sex, we found that the relationship 
between lactate and incident hypertension was stronger in 
women and no longer significant in men. These patterns 
of associated were reflected in our restricted cubic spline 
models (Figure 1a,b). Overall and in women, we observed a 
positive linear relationship between baseline lactate concen-
tration and subsequent risk of diagnosed hypertension with 
no evidence of a threshold effect. However, among men, lac-
tate was not associated with incident hypertension.

Effect modification by factors associated with hyperten-
sion was examined in Figure  2. There was no evidence of 
effect modification by race, obesity, prehypertension, or 
diabetes status. In contrast, the association of lactate with 
incident hypertension was significantly different among 
women compared with men even after full adjustment 
(Pinteraction = 0.01). Although lactate was strongly associated 
with the risk of hypertension in women (HR  =  1.43; 95% 
CI = 1.24–1.66), lactate was not associated with the risk of 
hypertension in men (HR = 0.97; 95% CI = 0.81–1.16).

The observed associations were stronger when the study 
population was restricted to participants in the normal range 
of lactate (Supplementary Table S1). Excluding participants 
with prevalent coronary heart disease had virtually no effect 
on our findings (Supplementary Table S2). However, restrict-
ing our population to participants with normal systolic BP 
(<120 mm Hg) and diastolic BP (<80 mm Hg) strength-
ened both the magnitude and significance of our findings 
(Supplementary Table S3). In our comparison of the prospec-
tive association between lactate and incident hypertension 
with baseline systolic and diastolic BP, we found lactate to 
be more significantly associated with incident hypertension 
than baseline systolic and diastolic BP, particularly among 
women with a normal BP at baseline (Supplementary Tables 
S4 and S5). Furthermore, expanding our fully adjusted model 
to include low-density lipoprotein cholesterol, estimated glo-
merular filtration rate, log10 high-sensitivity C-reactive pro-
tein, uric acid concentration, education level, and alcohol 
use did not significantly change our findings (Supplementary 
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Table S6). Finally, in our CARMRI sensitivity analysis we 
found that, although our findings were attenuated with 
a smaller sample size, the pattern of association was pre-
served. In particular, lactate (per 1 mmol/L lactate increase) 
was still associated with incident hypertension, both overall 
(HR  =  1.62; 95% CI  =  1.10–2.39) and in strata of women 
(HR = 2.33; 95% CI = 1.45–3.73) (Supplementary Table S7).

Discussion

This study represents the first population-based, prospec-
tive cohort study of the association between plasma lactate 
and incident hypertension. Plasma lactate was associated 
with risk of incident hypertension among women over more 
than a decade of follow-up. This association was independent 

of traditional hypertension risk factors, including baseline 
BP. Furthermore, lactate was more strongly associated with 
incident hypertension when restricted to a population with 
normal systolic and diastolic BP, suggesting that elevations 
in lactate preceded elevations in BP.

Our study contributes to existing literature evaluating the 
association between lactate concentrations and hypertension. 
Several studies have reported a positive association between 
lactate and BP. One early cross-sectional study of 19 lean 
adults (16% women) showed that arterial lactate concentra-
tions were associated with mean arterial pressure (β from lin-
ear regression = 0.55; P = 0.02).7 Another study of 55 adults 
(9% women) with varying degrees of obesity and insulin 
resistance, found lactate to be strongly associated with systolic 
BP (correlation coefficient = 0.69; P < 0.001) and diastolic BP 

Table 2.  Hazard ratios (95% confidence intervals) for developing incident hypertension by categorical and continuous lactate concentration 
by sex and overall

Model 1 Model 2 Model 3

Women (n = 3,051)

  Lactate quartiles, mmol/L

    0.27–0.56 1.00 (referent) 1.00 (referent) 1.00 (referent)

    0.57–0.69 1.09 (0.97–1.23) 1.08 (0.96–1.21) 1.02 (0.91–1.15)

    0.70–0.88 1.12 (0.99–1.27) 1.10 (0.97–1.24) 1.03 (0.90–1.17)

    0.89–6.16 1.63 (1.45–1.84) 1.59 (1.41–1.80) 1.37 (1.20–1.56)

    Ptrend
a <0.001 <0.001 <0.001

  Per 1 mmol/L of lactate 1.74 (1.54, 1.97) 1.70 (1.50–1.93) 1.43 (1.24–1.66)

    P value <0.001 <0.001 <0.001

Men (n = 2,503)

  Lactate quartiles, mmol/L

    0.3–0.6 1.00 (referent) 1.00 (referent) 1.00 (referent)

    0.6–0.7 1.08 (0.94–1.24) 1.09 (0.95–1.26) 0.98 (0.86–1.13)

    0.7–0.9 1.05 (0.92–1.20) 1.05 (0.91–1.20) 0.95 (0.83–1.09)

    0.9–6.2 1.30 (1.13–1.50) 1.26 (1.09–1.45) 0.97 (0.83–1.13)

    Ptrend
a <0.001 0.003 0.67

  Per 1 mmol/L of lactate 1.38 (1.20, 1.59) 1.34 (1.15–1.55) 0.97 (0.81–1.16)

    P value <0.001 <0.001 0.72

Overall (n = 5,554)

  Lactate quartiles, mmol/L

    0.3–0.6 1.00 (referent) 1.00 (referent) 1.00 (referent)

    0.6–0.7 1.09 (1.00–1.19) 1.08 (0.99–1.19) 1.01 (0.92–1.11)

    0.7–0.9 1.09 (0.99–1.19) 1.07 (0.98–1.18) 1.00 (0.91–1.10)

    0.9–6.2 1.47 (1.34–1.61) 1.44 (1.31–1.58) 1.18 (1.07–1.31)

    Ptrend
a <0.001 <0.001 0.001

  Per 1 mmol/L of lactate 1.56 (1.43, 1.71) 1.53 (1.39–1.67) 1.22 (1.09–1.36)

    P value <0.001 <0.001 0.001

The interaction between sexes was significant (see Figure 2 for details). Model 1 included age, sex, and race–Atherosclerosis Risk in Communities 
center (a composite variable of both race and ARIC study center). Model 2 included all of the variables in model 1 plus body mass index and waist 
circumference. Model 3 included all of the variables in model 2 plus systolic blood pressure, diastolic blood pressure, high-density lipoprotein 
cholesterol, log10 triglycerides, prevalent coronary disease, smoking status, fasting glucose, insulin, diabetes status, and physical activity index.

aP value for trend evaluated using a continuous variable based on the median lactate in each quartile.

http://ajh.oxfordjournals.org/lookup/suppl/doi:10.1093/ajh/hpu117/-/DC1
http://ajh.oxfordjournals.org/lookup/suppl/doi:10.1093/ajh/hpu117/-/DC1
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(correlation coefficient = 0.59; P < 0.005).8 More recently, a 
weight-loss study of 40 obese adults with the metabolic syn-
drome found that change in lactate was positively associated 
with change in diastolic BP (P = 0.02) and mean arterial pres-
sure (P = 0.05), but not systolic BP (P = 0.36), after adjustment 
for baseline lactate, change in body mass index, age, and sex.3 
Not all studies support a positive relationship between lac-
tate and BP, however. One cross-sectional study (n = 44; 50% 
women) reported that lactate measured in serum (rather than 
plasma) was not associated with BP.16 The reasons for these 
null findings are unclear and could be due to a variety of fac-
tors. The sample handling procedures in the study were not 
described, and it is unclear whether the specimens were pro-
cessed in an optimal fashion to avoid potential instability of 
the lactate levels.17,18 In addition, owing to the small number 
of patients studied, the null findings could have been due to 
a lack of statistical power. Contrary to the above, our study 
found plasma lactate to be cross-sectionally associated with 
baseline systolic and diastolic BP. Furthermore, lactate was 
prospectively associated with incident hypertension inde-
pendent of baseline BP measurements and in a population 
with normal BP (systolic BP <120 mm Hg and diastolic BP 
<80 mm Hg).

Lactate is an indicator of decreased oxidative capacity. 
Other conditions involving decreased oxidative capacity are 
also associated with BP, including low fitness,19–23 a state that 
involves reduced capillary density,24 and increased adipos-
ity,25 a state in which tissue mass outpaces vessel growth.26,27 
Furthermore, emerging evidence suggests that inadequate 
angiogenesis, which creates a disparity in blood supply 
and tissue oxygen demand, may play an important role in 
the development of hypertension. Recent genome-wide 

association studies have linked angiogenic genes with hyper-
tension.28 Mechanistic studies have shown that angiogenic 
promoters reduce BP and angiogenic inhibitors increase 
BP.29,30 Furthermore, microvasculature damage is also asso-
ciated with BP,31 with reduced microvascular density and 
capillary rarefaction being present before32 and in early 
hypertension.33,34 We speculate that the association between 
lactate and incident hypertension is representative of insuf-
ficient angiogenesis leading to decreased oxidative capacity 
and subsequent high BP. Alternatively, decreased oxidative 
capacity may be a marker of insufficient vascular capacity, 
the proximal cause of high BP in this scenario, and not a 
mediator in the pathway leading to high BP. Examination of 
these hypotheses is beyond the scope of this study, however.

We found a significant interaction by sex with regard to 
the association between lactate and incident hypertension. 
Whereas lactate was significantly associated with incident 
hypertension in women, it was not associated with inci-
dent hypertension in men. This observation could be due 
to survival bias, in that there is evidence that men develop 
hypertension earlier than women.35 Because our study 
population was conducted in an older population (mean 
age = 62 years), it is possible that many of the men who were 
going to develop hypertension during their lifetime had 
done so before the start of this study and were thus excluded 
at baseline. There is also evidence that age is more signifi-
cantly associated with an increase in BP in women com-
pared with men.36 As a result, the men included in our study 
may have been less prone to develop hypertension, lower-
ing our power to observe an effect. Equally possible is that 
this interaction represents a physiologic effect of sex. Lactate 
concentrations are higher in men vs. women. Further, there 

Figure 1.  Adjusted hazard ratios (solid line) for incident self-reported hypertension between Atherosclerosis Risk in Communities (ARIC) visit 4 and 12 August 
2012, according to baseline concentrations of plasma lactate values from a restricted cubic spline model. (a) Stratified by sex. (b) Overall population. Shaded 
region represents the 95% confidence intervals. A vertical dashed line (grade) represents the cutpoint for mild hyperlactemia. This model was expressed 
relative to the 25th percentile of lactate with knots specified at the 25th, 50th, and 75th percentiles and was adjusted for age, sex, race-center (a composite 
variable of both race and ARIC study center), body mass index, waist circumference, systolic blood pressure, diastolic blood pressure, high-density lipoprotein 
cholesterol, log10 triglycerides, prevalent coronary heart disease, smoking status (never, former, or current), fasting glucose insulin, diabetes status, and physical 
activity index. The plot was truncated at the 0.5th and 99.5th percentiles of lactate. The hazard ratios are shown on a natural log scale. This figure is overlaid with 
a kernel density plot (dashed line; gray represents women, black represents men), showing the overall distribution of baseline lactate values.



222  American Journal of Hypertension  28(2)  February 2015

Juraschek et al.

is evidence that lactate reflects exercise capacity differently 
in elderly men and women,37 which might be related to 
menopause.38 Finally, it is also possible that other factors are 
more important for the development of hypertension among 
men compared with women, causing the lactate association 
in men to be nonsignificant. We are unable to differentiate 
between the methodological and physiologic explanations 
for the sex interaction observed in this study, however.

There are several limitations to this study that warrant dis-
cussion. We only had a single measurement of plasma lac-
tate, which is less precise than multiple measurements. We 
attempted to minimize this imprecision by requiring the 
population to be both fasting and resting during the time of 
blood draw; however, it is possible that imprecision in lac-
tate measures attenuated our results. Furthermore, incident 
hypertension was based on self-report rather than measure-
ments of systolic or diastolic BP. This could result in misclassi-
fication or missed cases of incident hypertension, attenuating 
our findings. However, previous reports have suggested that 
self-reported disease status can be both a valid and specific 
measure in population-based studies.39,40 Finally, residual 
confounding is always a concern with observational studies. 
For example we were not able to adjust for family history of 
hypertension, sodium intake, or stress score in this study.

Our study has a number of strengths as well. Our study was 
performed in a well-designed, prospective study with a large, 
diverse sample size and long-term follow-up. Furthermore, 
the study involved rigorous assessment of laboratory markers 
and anthropometric measures associated with hypertension, 
improving our ability to address confounding.

In conclusion, we found that baseline elevations in plasma 
lactate were associated with an increased risk of incident hyper-
tension in women with normal BP independently of baseline 
BP and other known hypertension risk factors. Future studies 
are necessary to better understand the mechanism behind the 
association between lactate and incident hypertension as well 
as to confirm the sex interaction observed in our study.

SUPPLEMENTARY MATERIAL

Supplementary materials are available at American Journal 
of Hypertension (http://ajh.oxfordjournals.org).
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