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Initial correspondence from Drs. Shen, Yan, and Cai
Dear Editor,

Recently, Dr. Barhight et al. reported an association
between chloride increase and high mortality in criti-
cally ill children [1]. Although well designed, their study
presents several limitations. First, the number of deaths
in the cohort is small (4%, 71/1935). However, 21 vari-
ables were included in the logistic regression model
(Table 2). Although no consensus has been reached, the
rule of thumb is that at least 10 events per variable [2]
are needed to avoid bias in multivariable regressions.
Thus, the robustness of Barhight’s findings needs care-
ful evaluation. Second, multicollinearity issues resulting
from highly correlated predictors also play an important
role in bias [2]. While the correlations in this study (for
instance, the correlation between serum sodium and
chloride) may be minimized by the fact that the continu-
ous variables were translated into categorized variables,
the result of a multicollinearity test should be reported.
Third, the major finding is that chloride increase is an
independent risk factor for mortality. We suspect that
this association may be influenced by the baseline serum
chloride. For instance, in a patient with hypochloremia,
would the chloride increase be associated with high mor-
tality? To address this question, we performed a rough
simulation using data from the Medical Information
Mart for Intensive Care III (MIMIC III) database [3]. A
significant interaction between baseline chloride and
chloride increase was found (in a predominantly adult
data set). Chloride increase was found to be associated
with decreased mortality when baseline chloride was less
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than 85 mmol/L (Fig. 1). Furthermore, the detrimental
effect of chloride increase was greater with increasing
baseline chloride levels.

Note: All the data were extracted from the MIMIC III
database, and adult patients were also included in this
rough estimation. Thus, this finding cannot be consid-
ered transferable to pediatric patients because of the sig-
nificant heterogeneity.

Rebuttal from Drs. Barhight and Brinton

We appreciate Drs. Shen, Yan, and Cai’s comments and
agree that our study has limitations. As the commenters
state, there is no clear consensus on the correct number
of events per variable. Studies evaluating this have led to
a general consensus of a minimum of 5-10 events per
variable for logistic regression [4]. We reviewed our anal-
ysis to see if following this “rule of thumb” would change
our estimated effect. When we remove variables that
were highly correlated or offered no univariable explana-
tion (age, height, weight, sepsis, oncologic, or transplant
diagnoses), the new estimated effect is greater in magni-
tude and direction, aOR of 3.1 (95% CI 1.5-6.3) (Supple-
mentary Table 1). We agree about collinearity concerns,
therefore “We tested the three-way interactions as well
as successive two-way interactions to evaluate if there
was improvement in the model fit” [1]. None were iden-
tified (Supplementary Table 2). We have reached out to
the journal with a request to append the results of our
multicollinearity testing to the manuscript. Concern-
ing the possible interaction with baseline chloride, our
final adjusted model included the admission chloride.
The commenters present interesting findings. We agree
that there may be an interactive effect between baseline
chloride and change in chloride (Fig. 1). The differences
in findings may be related to the differences between our
two populations. Ours has only 0.2% (n=4) of patients
with admission chloride values less than 86 mEq/L, as it
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Fig. 1 This analysis included a total of 39,190 patients, 37,030 of
whom were adults. The overall mortality rate was 10.5%. The figure
shows the predictive marginal effect of chloride increase at different
baseline chloride levels. When patients recording a chloride increase
of less than 5 mmol/L were compared with those recording an
increase of at least 5 mmol/L, the more marked increase was found to
be associated with lower mortality when baseline chloride was less
than 85 mmol/L

is uncommon to have that degree of hypochloremia in
pediatric patients.

Electronic supplementary material
The online version of this article (https://doi.org/10.1007/s00134-019-05612-2)
contains supplementary material, which is available to authorized users.

Author details
! Department of Intensive Care, Zhejiang Hospital, No. 12, Linyin Road, Hang-
zhou 310000, Zhejiang, People’s Republic of China. 2 Division of Critical Care,

Ann & Robert H. Lurie Children’s Hospital of Chicago, Northwestern University
Feinberg School of Medicine, Chicago, IL, USA. 3 Department of Biostatistics
and Informatics, University of Colorado School of Public Health, Anschutz
Medical Campus, Aurora, CO, USA.

Funding
None.

Compliance with ethical standards

Conflicts of interest
All authors declare that they have no conflict of interest.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Accepted: 26 March 2019
Published online: 2 April 2019

References

1. Barhight MF, Brinton J, Stidham T, Soranno DE, Faubel S, Griffin BR, Goebel
J, Mourani PM, Gist KM (2018) Increase in chloride from baseline is inde-
pendently associated with mortality in critically ill children. Intensive Care
Med 44:2183-2191

2. Courvoisier DS, Combescure C, Agoritsas T, Gayet-Ageron A, Perneger
TV (2011) Performance of logistic regression modeling: beyond the
number of events per variable, the role of data structure. J Clin Epidemiol
64:993-1000

3. Johnson AE, Pollard TJ, Shen L, Lehman LW, Feng M, Ghassemi M, Moody
B, Szolovits P, Celi LA, Mark RG (2016) MIMIC-III, a freely accessible critical
care database. Sci Data. https://doi.org/10.1038/sdata.2016.35
Vittinghoff E, McCulloch CE (2007) Relaxing the rule of ten events per
variable in logistic and Cox regression. Am J Epidemiol 165:710-718


https://doi.org/10.1007/s00134-019-05612-2
https://doi.org/10.1038/sdata.2016.35

	Interaction between serum chloride increase and baseline chloride level
	Initial correspondence from Drs. Shen, Yan, and Cai
	Rebuttal from Drs. Barhight and Brinton
	References




