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Abstract Previous cross-sectional studies have demon-
strated a higher incidence of dehydration in patients
admitted for stroke suggesting a possible association.
However, the temporality of the association has not
been well established. We examined whether dehydra-
tion increases the risk of ischemic stroke in patients
with a recent hospitalization for atrial fibrillation (AF).
Data was from 1994 to 2012 from the Myocardial
Infarction Data Acquisition System (MIDAS), a reposi-
tory of in-patient records New Jersey hospitals, for AF
hospitalizations (n= 1,282,787). Estimates for the associ-
ation between AF hospitalization with/without dehydra-
tion and ischemic stroke within 30 days post-AF dis-
charge were determined using log-linear multivariable
modeling adjusting for socio-demographic factors and
comorbid conditions. Within 10 days of discharge for
AF, patients 18–80 years old (YO) with comorbid de-
hydration had a 60 % higher risk of ischemic stroke

compared to AF patients without comorbid dehydration
(adjusted risk ratio (ARR) 1.60, 95 % confidence inter-
val (CI) 1.28–2.00). Eighteen- to 80-YO patients had a
34 % higher risk of ischemic stroke in days 11–20 post-
AF discharge (ARR 1.34, 95 % CI 1.04, 1.74). There
was no difference in the risk of stroke in 18–80-YO
patients with or without prior dehydration during days
21–30 post-AF discharge. We also found no difference
in the risk of ischemic stroke during any time period in
patients over 80 YO. Dehydration may be a significant
risk factor for ischemic stroke in patients 18–80 YO
with AF.
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Introduction

Many studies have found an association between dehy-
dration and stroke. However, the temporal sequence of
the association and the underlying mechanisms are in
question. Studies to date have primarily focused on the
incidence of comorbid dehydration in patients admitted
for ischemic stroke [1–3]. From these studies, it is not
possible to determine whether ischemic stroke preceded
dehydration or vice versa. Current American Heart
Association guidelines do not list control of dehydration
as a modifiable risk factor for stroke prevention [4].
Evidence for the association of prior dehydration with
ischemic stroke would be important for guidance in the
primary prevention of ischemic stroke.

The relationship between dehydration and ischemic
stroke is not clear, and it is possible that both se-
quences, ischemic stroke leading to a dehydrated state
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and dehydration leading to ischemic stroke, may occur.
In cases where ischemic stroke precedes dehydration,
this may be the result of acute motor deficits leading
to the inability of a patient to rehydrate. Dysphagia has
been shown to be one such motor deficit leading to
dehydration [5, 6]. Dehydration following stroke has
been shown to increase short-term mortality rates [1,
3]. Reducing dehydration rates could be a secondary
prevention measure following stroke. Circumstances
may also exist where the temporal relationship between
these events is reversed, when dehydration precedes and
may be a factor in ischemic stroke. Dehydration may
promote thrombus formation [7], and although this tem-
poral sequence has not been demonstrated for ischemic
stroke, it has been suspected in other thromboembolic
events, for example in the development of deep vein
thrombosis during extended air travel [8].

Although the theory behind the sequence of dehydra-
tion leading to ischemic stroke is well founded, evi-
dence for this route has been largely circumstantial.
One difficulty in observing this sequence of events is
due to the lack of hydration status measurements just
prior to the incidence of ischemic stroke. Studies to date
have based the association between dehydration and is-
chemic stroke on cross-sectional analyses of hydration
levels in patients after the initial presentation for ische-
mic stroke. An actual determination of the patient’s hy-
dration status prior to the onset of stroke would rely on
chance recent laboratory testing or, at a minimum, pa-
tient recall which is prone to bias.

The objective in this study was to examine, utiliz-
ing longitudinal data, whether patients with a recent
history of hospitalization for atrial fibrillation, a
known risk factor for ischemic stroke, and dehydration
were at an increased short-term risk of ischemic
stroke. The design utilized in this study allowed us
to test the temporal relationship between the two fac-
tors by examining dehydration diagnosed just prior to
ischemic stroke occurrence. Our hypothesis was that
as dehydration increased the coagulability of blood,
patients would be at an increased risk of thrombus
formation and, in turn, an increased risk of thrombo-
embolic cerebral infarction.

Materials and Methods

We obtained data for this study from the Myocardial
Infarction Data Acquisition System (MIDAS) for the
years 1994–2012. MIDAS is an administrative database
containing hospital records of all patients discharged

from non-federal hospitals in New Jersey (NJ), USA,
with a diagnosis of cardiovascular disease or invasive
cardiovascular procedure [9]. Information from death
certificates was linked to the hospitalization records.
The data were obtained from the NJ Department of
Health utilizing the NJ Discharge Data Collection
System (NJDDCS) and were approved by the NJ state
and the Robert Wood Johnson Medical School institu-
tional review boards.

We identified all hospitalizations for atrial fibrillation
(AF), both with and without comorbid dehydration, and
examined subsequent hospitalization or death from is-
chemic stroke 2 to 30 days post-AF discharge. The 2-
day period blanking period between AF discharge and
readmissions was used to ensure that the patient was
indeed released from the first hospitalization and subse-
quently readmitted.

To identify hospitalizations for AF, records from pa-
tients 18 years and older with a primary or secondary
diagnosis of AF based on International Classification of
Diseases, 9th Revision, Clinical Modification (ICD-9-
CM) discharge diagnostic codes beginning with 427.3
(N= 1,431,161) and were discharged to home or to a
secondary care facility. Dehydration was determined
through the use of ICD-9-CM codes beginning with
276.5 in any of the discharge diagnoses. These codes
include 276.5 and 276.50 (Bvolume deplet ion,
unspecified^), 276.51 (Bdehydration^), and 276.52
(Bhypovolemia^). These codes excluded hypovolemic
shock, either postoperative or traumatic. The use of
these codes was indicated as part of the guidelines de-
veloped by the Agency for Healthcare Research and
Quality (AHRQ) for analysis of dehydration hospitaliza-
tions [10]. For the AF hospitalization, we excluded any
record where one of the discharge diagnostic codes be-
gan with either 433 (Bocclusion and stenosis of
precerebral arteries^) or 434 (Bocclusion of cerebral
arteries^) to ensure that the hospitalization did not in-
volve a concomitant ischemic stroke (n = 147,215,
10.3 % of records). These records were excluded to
ensure that all dehydration diagnoses occurred prior to
ischemic stroke. To increase the sensitivity of the dehy-
dration diagnosis, particularly the code for hypovolemia,
such that it was unlikely to be due to blood loss, we
excluded patients who received a blood transfusion dur-
ing the AF hospitalization (n= 1159, 0.09 % of remain-
ing patients). The final count of AF hospitalizations
used in this study was 1,282,787.

We utilized two sets of analyses to estimate the as-
sociation between dehydration and ischemic stroke. The
first analysis set was used to estimate the association
between dehydration and the incidence of or mortality
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from ischemic stroke in patients who were either
readmitted to the hospital or suffered an out-of-hospital
death from ischemic stroke within 2 to 30 days after AF
discharge for ischemic stroke. For the first model in this
analysis, our primary outcome, ischemic stroke, was de-
termined by the presence of discharge diagnosis codes
that included one of the following: 434.10 (Bcerebral
embolism without mention of cerebral infarction^),
434.11 (Bcerebral embolism with cerebral infarction^),
434.90 (Bcerebral artery occlusion, unspecified without
mention of cerebral infarction^), or 434.91 (Bcerebral
artery occlusion, unspecified with cerebral infarction^).
We also included ischemic strokes from patients who
died from strokes within the designated time frame by
including ICD, 10th Revision (ICD-10-CM) codes
starting with I63 (Bcerebral infarctionB) within the cause
of death variable on the death certificate.

In addition to our primary outcome of ischemic
stroke, we examined three other outcomes, also within
2–30 days of discharge for AF, as secondary outcomes
with which to assess potential selection biases. First,
incidence of and mortality from acute myocardial infarc-
tion (AMI) following the index AF hospitalization was
used as a Bpositive control,^ as there may be an in-
creased incidence of AMI if blood coagulability is in-
creased. AMI was determined through discharge diagno-
sis codes beginning with 410, excluding codes with a
fifth digit of B2,^ e.g., 410.02, indicating a subsequent
episode of care for an AMI. We also included AMIs
from patients who died from AMIs within the designat-
ed time frame by including ICD-10-CM codes begin-
ning with BI21^ within the cause of death variable on
the death certificate.

Next, we examined post-AF hospitalization for two
Bnegative control^ outcomes unlikely to be positively
associated with dehydration and concomitant blood hy-
percoagulability: hemorrhagic stroke and aortic aneu-
rysm/dissection. Incidence of or mortality from these
conditions would not have been primarily caused by
increases in blood coagulability and would serve as ad-
ditional control groups, i.e., admissions for these condi-
tions should show no increased risk among AF patients
with recent dehydration. Hemorrhagic strokes were de-
termined through discharge diagnosis codes beginning
with 430, 431, or 432. We also included patients who
died from hemorrhagic strokes during the timeframe by
including IDC-10 codes beginning with I60, I61, or I62
within the cause of death variable on the death certifi-
cate. Aortic aneurysms/dissections were determined by
ICD-9 codes starting with 441 in discharge diagnosis
codes and ICD-10 codes beginning with I71 in the
cause of death variable.

We considered several covariates as possible con-
founders for these analyses based on prior literature.
We utilized socio-demographic variables including
age at admission (categorized as ≤60 years old
(YO), 61–70 YO, 71–80 YO, and ≥81 YO), sex,
race/ethnicity (categorized as non-Hispanic White,
non-Hispanic Black, Hispanic, and Other), neighbor-
hood income based on home zip code and 2000 and
2010 census information [11] (categorized as median
household incomes ≤$50,000 and >$50,000), and
hea l th insurance (ca tegor ized as Commerc ia l ,
Medicare, Medicaid, and other/uninsured). We also
adjusted for several comorbid conditions, either con-
current with or prior to AF admission, determined to
be risk factors for ischemic stroke based on prior
studies. The comorbid conditions we included as co-
variates were history of myocardial infarction, stroke,
hypertension, diabetes, hyperlipidemia, cancer, chron-
ic renal disease, chronic obstructive pulmonary dis-
ease (COPD) or asthma, heart failure, ischemic heart
disease, deep vein thrombosis, peripheral vascular
disease, atherosclerosis, upper respiratory infection,
sepsis and/or septicemia, and chronic liver disease.
We also adjusted for two prior surgical procedures
as possible confounders, percutaneous coronary inter-
vention (PCI), and coronary artery bypass graft
(CABG). In a sensitivity analysis, we adjusted for
the CHA2DS2-VASc score for stroke risk in atrial
fibrillation patients [12]. We utilized the score as an
adjustment measure replacing the individual elements
of age, sex, and history of heart failure, hypertension,
stroke, peripheral vascular disease, and diabetes.

Our second analysis was utilized to determine if the
association between dehydration and hospitalization for
ischemic stroke changed over time from AF discharge.
For this analysis, the outcome of ischemic stroke was
determined through the use of the same ICD-9-CM
codes discussed previously. In the first model of this
analysis, we included a dehydration-time interaction
term to determine whether the effect of dehydration
decreased with time from AF discharge. In the second
model, we stratified the analysis by time periods, 2–15,
16–30, and 31–45 days post-AF discharge. In this anal-
ysis, we also tested for effect modification of dehydra-
tion by age based on differences found in bivariate
analyses for both dehydration and ischemic stroke.
For ischemic stroke, the effect modification term was
statistically significant for those over 80 YO compared
those 80 years or younger. Due to this heterogeneity of
effect by age, we analyzed ischemic stroke utilizing a
two-level stratified method. One stratum consisted of
those patients 80 YO and younger; the other stratum
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consisted of those older than 80 YO. These models
were also adjusted for all covariates as in the first
analysis.

Statistical Analysis

We calculated the incidence risk ratio (RR) as:

Incidence Risk Ratio ¼ Incidence Rate ischemic stroke following AF þ D

Incidence Rate ischemic stroke following AF − D

Incidence risk ratios were calculated in an analogous man-
ner for AMI, hemorrhagic stroke, and aortic aneurysm/
dissection.

We calculated the mortality risk ratio (RR) as:

Mortality Risk Ratio ¼ Mortality Rate ischemic stroke following AF þ D

Mortality Rate ischemic stroke following AF − D

Mortality risk ratios were calculated in an analogous manner
for AMI, hemorrhagic stroke, and aortic aneurysm/dissection.

We estimated the incidence and mortality risk ratios condi-
tional on possible confounders using log-linear regression
with the GENMOD procedure in SAS V9.3 (SAS
Corporation, Cary, NC, USA). Parameter estimates were de-
termined utilizing generalized estimating equations (GEE)
with robust variances for repeated measures accounting for
multiple AF admissions per study subject [13, 14].We utilized
a compound symmetry working correlation matrix to fit the
regression models for this unbalanced longitudinal data.

The level for statistical significance for all tests was set at
two-sided P values <0.05.

Results

The socio-demographic and comorbid factors in patients with
AF+D and those with AF−D are described in Table 1. Based
on our patient selection criteria, there were a total of 1,284,729
AF admissions between January 1, 1994, and December 31,
2012. Of those admissions, 116,437 (9 %) included comorbid
dehydration diagnoses (AF+D) and 1,168,292 (91 %) did not
(AF−D). The AF+D group was less likely to have AF as the
primary reason for admission, was older, and had a higher
percentage of women than the AF−D group. In accordance
with the age differences, the AF+D group was more likely to
have Medicare as their primary source of health insurance.
Other potentially important differences between the groups
were in the comorbid rates of hyperlipidemia (AF+D lower
than AF−D), prior stroke (AF +D higher than AF −D),
chronic renal disease (AF+D higher than AF−D), sepsis
and/or septicemia (AF+D higher than AF−D), and in the
use of PCI and CABG (AF+D lower than AF−D).

We first examined the association between dehydration and
the incidence of or mortality from ischemic stroke after AF
discharge (Table 2). We found that in AF+D patients, there

was a 21 % increase in the risk of ischemic stroke within days
2 to 30 after AF discharge compared to AF−D patients after
adjustment for socio-demographic factors and comorbid con-
ditions (adjusted risk ratio (ARR) 1.21, 95 % confidence in-
terval (CI) 1.11, 1.32). We also found that the risk of death
from ischemic stroke was about 2.3 times greater in AF+D
patients compared to AF−D patients (ARR 2.33, 95 % CI
1.67, 3.26). We also utilized this analysis to estimate the inci-
dence and mortality risks for three additional outcomes, AMI,
hemorrhagic stroke, and aortic aneurysm and dissection.
We found a 25 % increase in the incidence of AMI in
AF + D patients compared to AF −D patients (ARR
1.25, 95 % CI 1.18, 1.33) and a 59 % increase in
AMI mortality in AF+D compared to AF−D patients
(ARR 1.59, 95 % CI 1.47, 1.72). We also found a
significant 16 % decrease in the incidence of hemor-
rhagic stroke in AF +D patients compared to AF −D
patients (ARR 0.84, 95 % CI 0.71, 0.99) and no differ-
ence in aortic aneurysm and dissection (ARR 0.91,
95 % CI 0.80, 1.04). We found no significant differ-
ences in the risk of mortality from either hemorrhagic
stroke or aortic aneurysm and dissection during days 2–
30 post-AF discharge in AF+D patients compared to
AF−D patients.

In our second series of analyses, we examined changes in
risk of ischemic stoke over time in AF+D and AF−D patients
(Table 3). Modeling the risk of ischemic stroke stratified by
time period, we found the greatest relative difference in risk of
ischemic stroke associated with dehydration during the 2–10-
day time period post-AF discharge. During this period, 80-
year-old and younger patients with AF+Dwere at 60% higher
risk of hospitalization for ischemic stroke compared to AF−D
patients (ARR 1.60, 95 % CI 1.28, 2.00). In the next time
period, days 11–20 post-AF discharge, the risk of ischemic
stroke in AF+D patients was 34 % higher than in AF−D
patients (ARR 1.34, 95 % CI 1.04, 1.74), somewhat less than
in days 2–10 post-AF discharge. The effect of dehydration was
no longer evident in the 21–30-day time period; the risk of
ischemic stroke during this period was similar in the AF+D
and AF−D patients (ARR 1.05, 95 % CI 0.77, 1.42). There
was no relative difference in risk among those over 80 years of
age with AF+D versus AF−D during any of the time periods
studied. We also developed a model where time was included
as a continuous log-transformed covariate to determine the
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level of effect modification of time on the association between
dehydration and ischemic stroke. Utilizing this model, we
found a 10 % reduction in the effect of dehydration per 10-
day period (ARR 0.90, 95 % CI 0.84, 0.97).

There were large differences in the proportion of
AF+D patients with prior stroke, chronic renal disease,
and sepsis and/or septicemia compared to AF −D pa-
tients. In addition to the previously described analyses,

Table 1 Distribution of patient
socio-demographic and comorbid
conditions in atrial fibrillation
admissions with and without
comorbid dehydration from 1994
to 2012 in the Myocardial
Infarction Data Acquisition
System (N= 1,282,787)

All AF admissions AF admissions
without dehydration

AF admissions
with dehydration

Number of AF admissions 1,282,787 1,166,631 (91.0 %) 116,156 (9.0 %)

AF primary reason for admission (%) 18.1 19.2 7.1

Age

Mean (SD) 76.0 (12.6) 75.5 (12.7) 81.0 (10.1)

≤60YO (%a) 11.9 12.6 4.3

61–70 YO (%) 15.1 15.8 8.7

71–80 YO (%) 30.9 31.3 27.4

≥81 YO (%) 42.1 40.3 59.6

Length of stay (days), median (IR) 5 (2, 8) 5 (2, 8) 7 (4, 11)

Female (%) 52.9 52.3 58.6

Race/ethnicity

NonH White (%) 82.7 82.5 84.1

NonH Black (%) 7.8 7.9 7.1

Hispanic (%) 5.1 5.1 4.5

Other (%) 4.4 4.4 4.3

NH income ≥ $50,000/year (%) 64.6 64.5 65.7

Health insurance

Commercial (%) 21.7 22.5 13.1

Medicare (%) 75.3 74.3 85.3

Medicaid (%) 1.3 1.4 0.9

Other/uninsured (%) 1.7 1.8 0.7

Prior/comorbid conditions and procedures

Hypertension (%) 82.1 82.3 79.7

Diabetes (%) 34.1 34.2 32.4

Hyperlipidemia (%) 41.9 42.9 31.7

Prior AMI (%) 15.5 15.6 14.6

Prior stroke (%) 16.0 15.7 20.0

Cancer (%) 26.7 26.4 29.7

Chronic renal disease (%) 24.4 23.6 32.7

COPD/asthma (%) 41.9 42.0 40.7

Heart failure (%) 56.6 56.6 57.4

Ischemic heart disease (%) 62.9 63.1 60.7

Deep vein thrombosis (%) 7.6 7.5 8.7

Peripheral vascular disease (%) 17.1 17.1 17.2

Chronic liver disease (%) 2.9 2.9 2.5

Upper respiratory infection (%) 0.4 0.4 0.3

Sepsis and/or septicemia (%) 3.8 3.2 9.6

PCI (%) 11.0 11.3 7.7

CABG (%) 10.2 10.4 7.6

CHA2DS2-VASc, median (IR) 4 (3, 5) 5 (3, 6) 4 (3, 5)

AF atrial fibrillation, SD standard deviation, IR interquartile range, YO years old, NonH non-Hispanic, AMI acute
myocardial infarction,NH neighborhood, PCI percutaneous coronary intervention,CABG coronary artery bypass
graft surgery, CHA2DS2-VASc the Birmingham 2009 schema for stroke risk in patients with atrial fibrillation
a Percent of AF admissions
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we performed sensitivity analyses where we excluded
patients with prior stroke, chronic renal disease, or sep-
sis/septicemia. The results of these analyses were similar
to the analyses where we adjusted for these covariates.
We also performed sensitivity analyses excluding pa-
tients where AF was the primary reason for admission
as the proportion was much higher in AF−D patients
compared to AF +D patients. In these analyses, we
again found similar results to the original analyses. We
also performed a sensitivity analysis where we utilized
the CHA2DS2-VASc score in place of the component
risk factors. The results of these analyses yielded similar
results to those observed in the original models.

Discussion

Our results indicate a positive association between prior dehy-
dration and ischemic stroke in patients with atrial fibrillation.We
also found that the effect of dehydration on ischemic stroke risk
diminishes within a relatively short period of time. To the best of
our knowledge, this study is the first to demonstrate a temporal
relationship between prior dehydration and ischemic stroke.

Dehydration is a readily preventable condition that is a
prevalent diagnosis on hospital discharge records. The rate
of dehydration in AF patients in this study was approximately
9 %. The reasons for the development of dehydration vary.
Dehydration may be from gastrointestinal losses, including

Table 3 Time trends for adjusted
rate ratios of ischemic stroke
hospitalizations following
hospital discharge for atrial
fibrillation with or without
comorbid dehydration from 1994
to 2012 in the Myocardial
Infarction Data Acquisition
System (N= 1,282,787)

Adjusteda AF+D vs. AF−D
incidence risk ratio (95 % CI)

P value

≤80 YO

2–10 daysb 1.60 (1.28, 2.00) <0.0001

11–20 days 1.34 (1.04, 1.74) 0.03

21–30 days 1.05 (0.77, 1.42) 0.8

EM 0.90 (0.84, 0.97) 0.004

>80 YO

2–10 days 1.16 (0.99, 1.38) 0.1

11–20 days 0.93 (0.76, 1.14) 0.5

21–30 days 1.00 (0.81, 1.23) 0.9

EM 0.98 (0.94, 1.04) 0.5

AF atrial fibrillation, AF+D atrial fibrillation with dehydration, AF−D atrial fibrillation without dehydration, CI
confidence interval, EM effect modification (dehydration-time)
a Adjusted for age, sex, race/ethnicity, health insurance type, neighborhood income, and history of the following:
acute myocardial infarction, stroke, ischemic heart disease, hypertension, diabetes, hyperlipidemia, cancer, chron-
ic renal disease, chronic obstructive pulmonary disease, heart failure, cardiac arrhythmias, deep vein thrombosis,
chronic liver disease, peripheral vascular disease, sepsis/septicemia, upper respiratory infection, percutaneous
coronary intervention, and coronary artery bypass graft surgery
bDays postdischarge AF admission

Table 2 Adjusted incidence and mortality rate ratios for ischemic
stroke, acute myocardial infarction, hemorrhagic stroke, and aortic
aneurysm and dissection 2 to 30 days after hospital discharge for atrial

fibrillation with or without comorbid dehydration from 1994 to 2012 in
the Myocardial Infarction Data Acquisition System (N= 1,282,787)

Outcome Adjusteda incidence risk
ratio AF+D vs. AF−D
(95 % CI)

P value Adjusteda mortality risk
ratio AF +D vs. AF −D
(95 % CI)

P value

Ischemic stroke 1.21 (1.11, 1.32) <0.0001 2.33 (1.67, 3.26) <0.0001

Acute myocardial infarction 1.25 (1.18, 1.33) <0.0001 1.59 (1.47, 1.72) <0.0001

Hemorrhagic stroke 0.84 (0.70, 0.44) 0.04 1.02 (0.68, 1.55) 0.9

Aortic aneurysm and dissection 0.91 (0.80, 1.04) 0.2 0.89 (0.65, 1.20) 0.4

AF atrial fibrillation, AF+D atrial fibrillation with dehydration, AF−D atrial fibrillation without dehydration, CI confidence interval
a Adjusted for age, sex, race/ethnicity, health insurance type, neighborhood income, and history of the following: acute myocardial infarction, stroke,
ischemic heart disease, hypertension, diabetes, hyperlipidemia, cancer, chronic renal disease, chronic obstructive pulmonary disease, heart failure,
cardiac arrhythmias, deep vein thrombosis, chronic liver disease, peripheral vascular disease, sepsis/septicemia, upper respiratory infection, percutaneous
coronary intervention, and coronary artery bypass graft surgery
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those due to gastroenteritis [15], renal losses (commonly due
to diuretic therapy), and insufficient fluid intake, where be-
havior may play an important role. According to studies of
NHANES survey data, US adults are drinking less water than
is recommended by the CDC guidelines [16, 17]. In particular,
men are more likely to be insufficiently hydrated as are those
over age 70 [16]. Regardless of the cause of dehydration, the
effects of dehydration on changes in blood coagulability due
to hemoconcentration would likely be similar.

There are a number of biologically plausible mechanisms for
increased blood clotting following dehydration. Biochemical
factors have been extensively examined. von Willebrand factor
(vWF) has been suggested as a factor that is increased during
dehydration and promotes blood clotting [18]. Dmitrieva et al.
found that in dehydrated mice, plasma levels of vWF and the
number of microthrombi in capillaries both increased [19].
They hypothesize that increased extracellular sodium, as would
occur during dehydration, acts as the trigger for increased vWF
production. Physical factors have also been considered.
Reduction in cerebral blood flow has been proposed as one
mechanism. Harrison hypothesized that increases in hematocrit
decrease cerebral blood flow through increases in blood viscos-
ity [20]. Reduction in cerebral blood flow after standing has
also been shown following dehydration combined with heat
stress [21]. Pollock et al. found that higher hematocrits pro-
duced larger cerebral infarcts following partial cerebrovascular
occlusion in a gerbil model [22]. Increased levels of factors
involved in the blood clotting cascade, such as fibrinogen and
platelets, would also occur following dehydration due to
hemoconcentration [23]. The dehydration-induced promotion
of blood clotting may have a role in ischemic stroke.

The reason for our finding of a lack of effect of dehydration
in those over 80 years of age is unclear. While it is possible
that changes in blood coagulability due to dehydration may be
less pronounced in those over 80, this seems unlikely. There
may have been greater misclassification of dehydration in this
older age group. Thomas et al. found that overdiagnosis of
dehydration occurred more frequently in older patients [24].
They found that physicians tended to rely more on physical
appearance than on laboratory test results in making this di-
agnosis. If the specificity of the dehydration diagnosis was
lower in this age group, the estimated association between
dehydration and ischemic stroke would have been reduced.
It is also possible that patients over 80 years old were more
likely to die from ischemic stroke prior to hospitalization. In
MIDAS, the ICD-10-CM codes for out-of-hospital death from
stroke were nonspecific. In our study, when we included non-
specific out-of-hospital death from stroke in our data, we
found that that AF+D patients over 80 years of age were at
28 % higher risk of stroke than AF−D patients (ARR 1.28,
95 % CI 1.17, 1.39, data not shown).

The present study has a number of strengths. We were able
to examine the effect of dehydration on four overlapping sets of

stroke outcomes based on ICD-9-CM coding and found our
hypothesis of dehydration leading to a greater propensity for
thromboembolic events to be supported. We were also able to
test a number of outcomes in our patient dataset. The risks of
two of these outcomes, ischemic stroke and AMI, were more
likely to increase if our hypothesis was correct, whereas the
risks of the other two control outcomes, hemorrhagic stroke
and aortic aneurysm/dissection, would be unlikely to increase
with a greater propensity for thrombus formation. The data on
these four outcomes following admission for AF supported our
hypothesis. Understanding the time trends for ischemic stroke
risk also provided important information in support of our hy-
pothesis. We conducted our study in a large dataset that has
been validated for two of our four outcomes of interest, ische-
mic stroke and AMI. Utilizing a repeated measure statistical
methodology, allowing multiple hospitalizations per patient,
also likely increased the strength of our inferences in the study.

This study has a number of limitations. While our study
demonstrated a recent history of dehydration prior to stroke,
we cannot be certain that the patient was, in fact, dehydrated
just prior to the onset of the ischemic stroke. However, pa-
tients with AF+D were about 24 times more likely to be
diagnosed with dehydration during the subsequent admission
for ischemic stroke compared to the AF−D group in strokes
that occurred within 15 days of AF discharge (data not
shown). In addition, it is known that intracardiac thrombi
(particularly in the left atrial appendage) may persist over
extended periods of time, in some cases despite therapeutic
anticoagulation [25, 26]. This raises the possibility that some
thrombi may have developed or increased in size during pe-
riods of dehydration, with subsequent embolization following
discharge for AF. The use of hospital discharge data has been
shown to be a source of misclassification due to data entry
errors as well as data omission. While the MIDAS data set has
undergone validation for accuracy of stroke and AMI, there
may have been misclassification for dehydration. While one
study demonstrated an overuse of the dehydration diagnosis,
especially in the elderly, our study used a more specific defi-
nition of dehydration, which may reduce misclassification.
Considering that there is no Bgold standard^ [27] for hydration
status, dehydration may actually have been underreported in
our dataset, especially in those without other risk factors for
dehydration. It has been suggested that physicians may rely on
physical signs of dehydration such as skin turgor or sunken
eyes, signs of extreme dehydration, rather than evaluating
laboratory data, which may or may not be available by the
time of patient discharge [24]. Our dataset did not contain
information on drug treatments. There may have been differ-
ences in anticoagulant use between the AF+D and AF−D
patients possibly due to, for example, renal impairment or
history of stroke. The sensitivity analysis performed where
we found similar results after excluding those with chronic
renal disease or prior stroke may somewhat address the
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question of residual confounding due to differential anticoag-
ulant use.

Conclusion

Our results indicate that dehydration may be a significant risk
factor for the physically and economically costly outcome of
ischemic stroke. The Agency for Healthcare Research and
Quality, a division of the US Department of Health and
Human Services, has cited reducing the dehydration admission
rate as one of the top prevention quality indicators for health
care organizations. However, in the MIDAS dataset covering
all hospital admissions in NJ involving cardiovascular
disease, there does not appear to be any significant re-
ductions in admissions for dehydration over the past
15 years. This study reinforces the need to better under-
stand how dehydration increases the risk of ischemic
stroke especially in patients at higher risk of stroke
due to comorbid conditions such as atrial fibrillation.
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