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U.S. Food and Drug Administration
Room 10-61

5630 Fishers Lane

Rockville, MD 20852

Re: Docket 97P-0329

Enclosed are two scientific studies and a New England Journal of Medicine editorial on the
effects of caffeine in pregnant women. The first study is a meta-analysis that pooled 32 studies
exploring the effects of caffeine on rates of spontaneous abortion and low birth weight.! That
study found a significant increase in the rates of miscarriage and low-birth-weight babies in
pregnant women who consumed more than 150 milligrams of caffeine per day. The odds ratio
for spontaneous abortion was 1.4 with a 95 percent confidence interval between 1.3 and 1.5.
For low birth weight, the odds ratio was 1.5 with a 95 percent confidence interval between 1.4
and 1.6.

The second study found an association between caffeine consumption (more than 6 cups of
coffee per day) with spontaneous abortion in women.? Instead of using self-reported data on
caffeine consumption, the investigators measured the serum concentration of the caffeine
metabolite paraxanthine to determine caffeine exposure. They relied on a single serum
paraxanthine measurement to determine the level of exposure throughout pregnancy.

In an accompanying editorial, Brenda Eskenazi, Ph.D., from the University of California
Berkeley School of Public Health, critiqued the paraxanthine study and discussed the policy

! Fernandes, O., Sabharwal, M., Smiley, T., Pastuszak, A., Koren, G., and Einarson, T.,
Moderate to heavy caffeine consumption during pregnancy and relationship to spontaneous
abortion and abnormal fetal growth: a meta-analysis. Reproductive Toxicology 1998;12: 435-
444,

? Klebanoff, M.A., Levine, R.J., DerSimonian, R., Clemens, J.D., Wilkins, D.G.,
Maternal serum paraxanthine, a caffeine metabolite, and the risk of spontaneous abortion. New
England Journal of Medicine 1999;341: 1639-1644.
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implications of the meta-analysis.> She contended that a single measure of paraxanthine could
not reliably estimate the consumption level in pregnant woman. She also expressed concern
that certain subgroups of the population may be particularly sensitive to the effects of caffeine
and that a safety factor of 10 must be used to determine a safe level of exposure to protect those
people. Her editorial called for labeling of caffeine content and continued education of
pregnant women to limit caffeine intake.

Sincerely,

@@(ﬁw%/z\‘\;

Patricia Lieberman, Ph.D. Michael F. Jacpbgon, Ph.D.

Staff Scientist ~ Executive Director
enclosures

3 Eskenazi, B., Caffeine -- Filtering the facts. New England Journal of Medicine 1999;
341: 1688-1689.
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MODERATE TO HEAVY CAFFEINE CONSUMPTION DURING
PREGNANCY AND RELATIONSHIP TO SPONTANEOUS ABORTION AND
ABNORMAL FETAL GROWTH: A META-ANALYSIS

OLAvVO FERNANDES,* MONA SABHARWAL,* TOM SMILEY,* ANNE PASTUSZAK,T

GmEON KoReN,T and THoMmAs EINARSON* T
*Doctor of Pharmacy Program, Faculty of Pharmacy, University of Toronto; 1The Motherisk Program The Division
of Clinical Pharmacology and Toxicology, Department of Pediatrics and Research, The Hospital for Sick Children;
and jDepartment of Health Administration, Faculty of Medicine, University of Toronto, Toronto, Canada

Abstract — The objective was to determine the association of moderate to heavy caffeine consumption during
pregnancy on spontaneous abortion and birth weight in humans. Data sources used included a computerized
literature search of MEDLINE (1966-July 1996); EMBASE (1988-November 1996); Psychlit 1 (1974-1986);
Psychlit II (1987-1996); CINAHL (1982-May 1996) and manual search of bibliographies of pertinent articles.
Inclusion criteria were: English language research articles; pregnant human females; case control or cohort
design; documented quantity of caffeine consumption during pregnancy; control group with minimal or no
caffeine consumption (0 to 150 mg caffeine/d); documented data regarding spontaneous abortion and/or fetal
growth. The exclusion criteria were: case reports; editorials; review papers. The methods section of each study
was examined independently by two blinded investigators with a third investigator adjudicating disagreements.
Two independent investigators extracted data onto a standardized form. A third investigator adjudlcated
discrepancies. We compared a caffeine-exposed group (>150 mg/d) and controls (0 to 150 mg/d), using
Mantel-Haenszel pooling. Of the 32 studies meeting inclusion criteria, 12 had extractable data (6 for spontaneous
abortion, 7 for low birth weight, 1 common study). Mantel-Haenszel odds ratio (Cl,s,,) was 1.36 (1.29-1.45) for
spontaneous abortion in 42,988 pregnancies. The overall risk ratio was 1.51 (1.39-1.63) for low birthweight
(<2500 g) in 64,268 pregnancies. Control for confounders such as maternal age, smoking, and ethanol use was
not possible. We concluded that there is a small but statistically significant increase in the risks for spontaneous
abortion and low birthweight babies in pregnant women consuming >150 mg caffeine per d. A possible
contribution to these results of maternal age, smoking, ethanol use, or other confounders could not be excluded.
© 1998 Elsevier Science Inc.

Key Words: caffeine; pregnancy; spontaneous abortion; congenital malformations.

such a warning is actually warranted. Should caffeine
consumption during pregnancy be linked to adverse
effects such as spontaneous abortion or fetal growth
retardation, that finding would have important implica-
tions for public health. Furthermore, the potential impact
of that association is underscored by the fact that low
birth weight is associated with high mortality and mor-
bidity in neonates.

Caffeine clearance from the body is essentially
unchanged during the first trimester of pregnancy. How-
ever, a significant delay in elimination occurs in the
second and third trimester, as the half life of caffeine

INTRODUCTION

In 1980, the United States Food and Drug Administration
issued a warning regarding the use of caffeine during
pregnancy (1). While conclusions about human teratoge-
nicity could not be definite at that time, the FDA
suggested that as a precautionary measure, pregnant
women should be advised to avoid or limit their con-
sumption of food or drugs containing caffeine. Due to the
large worldwide consumption of caffeinated beverages
(e.g., coffee, tea, cola) it is important to know whether
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extends to 10.5 h from a normal half life of 2.5t0 4.5 h
in the nonpregnant woman (2). Caffeine is known to
readily cross the placenta. Substantial quantities pass into
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the amniotic fluid, umbilical cord blood, and the urine
and plasma of neonates. In addition, the human fetus and
neonate have low levels of the enzymes necessary for
caffeine metabolism.

Several mechanisms for caffeine to produce adverse
outcomes have been postulated. For example, caffeine
increases cellular cyclic adenosine monophosphate
(cAMP) through phosphodiesterase inhibition. The rise
in cAMP may interfere with fetal cell growth and
development (3).

Animal studies of caffeine and pregnancy outcomes
have reported considerable variability in results. Some
studies have suggested a link between caffeine and
teratogenesis, fetal resorption, and decreased fetal weight
(4,5). An increase in the malformation rate, specifically
cleft palate and ectrodactyly, was demonstrated in rats
and mice at caffeine doses of 100 mg/kg/d or more (5).
This effect was not seen at doses of 50 mg/kg/d. It is
important to note that humans ingest caffeine at signifi-
cantly lower doses of 1.7 to 4.5 mg/kg/d (5).

Epidemiologic studies have produced incomplete or
conflicting results concerning the effects of caffeine
exposure during pregnancy. To date, we. are unaware of
a formal meta-analysis quantifying the potential risks.
Therefore, the present meta-analysis was conducted to
determine the association of moderate to heavy caffeine
consumption during pregnancy on spontaneous abortion
and birth weight in humans.

MATERIALS AND METHODS

Original research studies investigating the effects of
moderate to heavy caffeine consumption during preg-
nancy on spontaneous abortion and fetal growth in
humans were examined using meta-analysis based on
methods described by Einarson et al. (6). Spontaneous
abortion was defined for this analysis as expulsion from
the uterus of products of conception before the fetus is
viable (approximately 20 weeks of gestation). Included
in the definition were fetal loss, fetal death, and miscar-
riage. Fetal growth was defined by standard measures
that included birth weight, birth weight for gestational
age, birth weight by percentile, body length, and head
circumference. Low birth weight was defined as birth
weight less than 2500 g and intrauterine growth retarda-
tion (IUGR) was defined as birth weight less than the
tenth percentile for gestational age (7).

Values for caffeine content of beverages and foods
were recorded as defined by the caffeine content in
milligrams outlined in each individual study. If the
caffeine content was not presented in milligrams (mg),
then the following standard conversions were used: one
cup of coffee was equivalent to 74 mg of caffeine and
one cup of tea was equivalent to 27 mg of caffeine (8).
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Due to the nature of caffeine consumption, a group of
pregnant women with absolute non-exposure to caffeine
is difficult to find. We recognize that the term coritrol
group has several different meanings in epidemiology.
For the purposes of this meta-analysis, the control was
defined as a group exposed to minimal or no caffeine (0
to 150 mg caffeine/d). Moderate caffeine consumption
was defined as 151 to 300 mg caffeine/d and heavy
caffeine consumption was >300 mg caffeine/d.

Search strategy

A computerized literature search was completed
using the following databases: MEDLINE (1966 —De-
cember 1996); EMBASE (1988 -November 1996); Psy-
chlit T (1974-1986) and Psychlit II (1987-1996); CI-
NAHL (1982-May 1996). Articles examining the
relationship between caffeine consumption and preg-
nancy were identified using the search terms “pregnancy
and caffeine” along with “pregnancy outcome and caf-
feine.” Search terms were initially kept as broad as
possible in order to ensure that articles that were not
indexed strictly by the desired outcomes (i.e., spontane-
ous abortion and fetal growth) were not missed. All
abstracts retrieved from the computer search were inde-
pendently reviewed by at least two investigators to
identify articles relating to the desired outcomes. Addi-
tional references were identified from bibliographies of
retrieved articles and selected reviews (4,5,9,10).

Study selection

An independent review was conducted by removing
all identifiers and having two investigators indepen-
dently evaluate the methods sections of all retrieved
articles using a checklist of the inclusion and exclusion
criteria. The inclusion criteria for the meta-analysis were:
English language articles; pregnant human females; case
control or cohort design; caffeine exposure during preg-
nancy; documented quantity of caffeine consumption;
control group with minimal or no caffeine consumption
(0 to 150 mg caffeine/d); and documented data regarding
spontaneous abortion and/or fetal growth, Case reports or
case series, editorials, and review articles were excluded.
Reviewers were blinded to journal names, author names
and study results. In the event that agreement could not
be reached between the two reviewers or if sufficient

" information was not provided in the methods sections, a

third investigator was consulted who served as the
adjudicator. If the adjudicator could not reach a decision
based on the methods section alone, the entire paper was
reviewed by all judges.

Data extraction
Data extraction was performed on all included
articles independently by two investigators who were
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Table 1. Excluded studies and reasons for rejection

Barr et al. (35)

Pastore and Savitz (37)
Peacock et al. (42)
Rosenberg et al. (36)
Wisborg et al. (44)

Do not contain desired outcomes as
defined by our inclusion criteria

Fried and O’Connell (34)
Godel et al. (41)

Kline et al. (40)
Larroque et al. (38)

Control group not identified as
defined by our inclusion criteria

Shu et al. (26)
Watkinson and Fried (13)
Wilcox et al. (28)

Data not combinable according to
our caffeine stratification criteria
(rejected on attempt to extract data)
Barr and Streissguth (14) Data not extractable
Munoz et al. (43)
Peacock et al. (25)
Vandenberg (39)
Weathersbee et al. (15)
Beaulac-Baillargeon and Control group not defined by study
Desrosiers (18)
Desrosiers (18)
Furuhashi et al. (33)
Olsen et al. (24)

blinded to the journal and authors’ names. Data were
extracted using a standardized form that recorded study
characteristics, sample characteristics, caffeine content
stratification, confounding factors, and outcome results
in both caffeine and control groups. Extracted quantita-
tive data for spontaneous abortion and fetal growth were
entered in 2 X 2 tables for control and caffeine groups.
Data extraction forms were reviewed for agreement by a
third investigator, who conducted an individual assess-
ment of the study if there was a disagreement in values
or information.

Statistical methods
Odds ratios were calculated for individual case

control studies and risk ratios were calculated for indi-
vidual cohort studies along with associated 95% confi-
dence intervals. A combined Mantel-Haenszel odds ratio
(11) was calculated for each outcome comparison and an
overall 95% confidence interval was calculated by the
method described by Miettinen (12). In the event that all

the combined studies were cohort studies, an overall

Mantel-Haenszel relative risk ratio was calculated. A Q
value (x?) and P-value for homogeneity of samples was

calculated using standard statistical methods. A level of
P < 0.05 (two-tailed) was considered significant for all

statistical tests. For each outcome, the main analysis

comprised of a comparison of a caffeine exposure group

(>150 mg caffeine/d) to a control group (0 to 150 mg

caffeine/d). Subgroup and sensitivity analyses were per-

formed to investigate comparisons among moderate,

heavy, control, and zero caffeine consumption levels;

research design (i.e., cohort and case control studies); the

effect of large studies; and the effect of adding studies

that did not meet the meta-analysis caffeine content

stratification criteria to identify and evaluate possible

changes to odds ratios and relative risk ratios.

RESULTS

Study selection - ) .

Over 275 abstracts of articles dealing with caffeine
exposure in pregnancy published between 1966 and 1996
were identified by the initial search strategy. Upon
examination of these abstracts and review articles, 32
papers were identified as potentially eligible and were
entered into the study selection process (13—44). After
the blinded independent study selection process, 21
articles (13-33) met the inclusion criteria and were
potentially eligible for the meta-analysis. Interobserver
agreement was 87% after the initial application of the
inclusion criteria. However, full consensus was reached
after adjudication. The data extraction process was per-
formed on the 21 articles. During this process, an
additional nine studies were excluded. Table 1 outlines
excluded studies and reasons for rejection. A total of 12
studies were accepted into the analysis process (six
studies for the spontaneous abortion outcome (16,17,27,
29-31) and seven studies (19-23,30,32) for the fetal
growth outcome, which includes one study (30) that was
accepted for both outcomes. At this time, two additional
studies (23,30) were excluded from the main analysis
and used only for sensitivity analyses since their caffeine
stratification did not meet the exact caffeine stratification

“Table 2. Relationship between caffeine expostre and spontanieous abortion: Summmary of study characteristics =

4

Caffeine conversion factors -
(mg/cup unless specified)

Sources of
caffeine identified

Atticle Study design n
Amstrong ét al. (17) cohort, retrospective 35,848
Dominguez-Rojas et al. (31) cohort, retrospective 691
Fenster et al. (27) case control, 852 cases
retrospective 1618 controls
Infante-Rivard et al. (29) case control, 331 cases
retrospective 993 controls
Mills et al. (30) cohort, prospective 423

" coffee

“not specified
coffee: 140
coffee: 107; tea: 34; cola: 47 mg/can

coffee
coffee, tea, cola
coffee, tea, cola coffee: 107; tea: 34; cola: 47 mg/can

coffee: 100; tea: 40; cocoa: 30; cola:
40 mg/can; decaffeinated coffee: 1.5

coffee, tea, cola, cocoa,
medications
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Table 3. Relationship between caffeine exposure and fetal growth: Summary of study characteristics

Caffeine conversion factors
(mg/cup unless specified)

Sources of
caffeine identified

Article Study design n
Caan and Goldhaber (23)  case control, retrospective 131 cases
136 controls
Fenster et al. (21) cohort, retrospective 1,230
Fortier et al. (19) cohort, retrospective 7,025
Linn et al. (32) cohort, retrospective 12,205
Martin and Bracken (20) cohort, prospective 3,891
McDonald et al. (22) cohort, retrospective 40,445
Mills et al. (30) cohort, prospective 423

" coffee, tea, cola,

not specified

coffee, tea, cola,
coffee, tea, cola,

coffee: 107; tea: 34; cola: 47 mg/can;
coffee: filtered or percolated 109 mg; instant

chocolate 74 mg; expresso 168 mg; tea: bag 49
leaves or instant 30 mg; cola: 29 mg;
chocolate: 56 mg

coffee, tea not specified

coffee, tea, cola,
medications

coffee

coffee, tea, cola,
cocoa, medications

coffee: 107 mg; tea: 34; cola: 47 mg/serving

not specified
coffee: 100; tea: 40; cola: 40 mg/can; cocoa:
30 mg; decaffeinated coffee: 1.5

definitions for combinability. Tables 2 and 3 summarize
characteristics of accepted studies.

Spontaneous abortion

Table 4 presents odds ratios and risk ratios for
individual studies for spontaneous abortion. In the main
analysis, comparing spontaneous abortions in the caf-
feine exposure group (>150 mg caffeine/d) to the
control group, a total of five studies (16,17,27,29,31)
were included (three cohort and two case control studies)
involving a total of 42,889 patients. The combined odds
ratio (Clysq,) was 1.36 (1.29-1.45) withQ = 21.21 (P <
0.001) for heterogeneity of outcome. Table 5 outlines the
type and results of sensitivity analysis, which did not
greatly alter the odds ratio. However, the removal of one
study (31) greatly improved the homogeneity of the
analysis (Q 3,52, P < 0.318). Due to caffeine
stratification of the accepted studies, a comparison of the
control to “zero” caffeine consumption was not possible.

Fetal growth

All seven accepted studles measured fetal growth
according to low birth weight (<2500 g). Two of those
studies also evaluated intrauterine growth retardation

(IUGR). Table 6 outlines individual odds ratios and risk
ratios for individual studies used in the low birth weight
outcome comparison. In the main analysis, comparing
low birth weight babies in the caffeine exposure group
(=150 mg caffeine/d) to the control group, a total of five
studies (19-22,32) were included (all cohort designs)
involving a total of 64,268 patients (Table 7). The
combined relative risk was 1.51 (1.39-1.63) with Q =
8.72 (P = 0.068) for heterogeneity of outcome. Table 7
outlines the type and results of sensitivity analysis, which
did not greatly alter the summary relative risk. Further
subgroup analyses on the low birth weight outcome are
also displayed in Table 7. The risk ratios (Clysq,) for
comparisons of moderate caffeine consumption to con-
trol was 1.33 (1.21-1.47), 1.81 (1.61-2.04) comparing
heavy caffeine consumption to control, and 1.38 (1.20~-
1.60) comparing heavy caffeine consumption to moder-
ate caffeine consumption. A risk ratio of 1.06 (1.00-
1.13) resulted from our comparison of the control to
“zero” caffeine consumption. As this risk ratio included
unity, it validated our choice of control group (0 to 150
mg caffeine/d). A combined risk ratio of 1.56 (1.34—
1.82) was calculated for two studies (19,21) that inves-

Table 4 Results of individual studies comparing spontaneous abortions in caffeine exposure (>150 caffeine mg/d) to control
groups (0 to 150 caffeine mg/d)

Caffeine exposure >150 mg/d

Controls

Spontaneous No spontaneous Spontaneous No spontaneous

Article abortion abortion abortion abortion OR/RR (95% CI).

Armstrong et al. (17) 1,577 4,564 6,183 23,524 RR = 1.23 (1.18-1.29)
Dominguez-Rojas et al. (31) 146 329 23 193 RR = 2.89 (1.92-4.35)
Fenster et al. (27) 152 256 455 1,028 OR = 1.34 (1.07-1.69)
Infante-Rivard et al. (29) 92 186 239 807 OR = 1.67 (1.25-2.22)
Mills et al. (30)* 43 291 16 70 RR = 1.44 (0.86-2.44)
Srisuphan and Bracken (16) 27 852 41 2,215 RR = 1.69 (1.05-2.73)

Summary odds ratio

OR = 1.36 (1.29-1.45)

OR/RR = odds/risk ratio calculated with the Mantel-Haenszel formula; 95% CI = 95% confidence interval for odds ratio.
*not included in summary odds ratio as study’s caffeine stratification of groups did not meet the exact caffeine stratification definitions or
combinability in the meta-analysis (assumptions made to test data as a sensitivity analysis as described in Methods).
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Table 5. Combined results of studies comparing spontaneous abortion in caffeine exposure (>150 mg caffeine/d) to control
groups (0 to 150 mg caffeine/d)

Test for homogeneity . .

Analysis n Summary Ratio 95% CI Q DF P
Primary analysis (Studies 16, 17, 27, 29, 31) 42,889 OR = 1.36 1.29-1.45 21.21 4 <0.001
Cohort studies only 39,674 RR = 1.26 1.20-1.33 1352 2 0.001
Case control studies only 3,215 OR = 1.46 1.22~1.74 136 1 0.244
Sensitivity: removing study #17 OR = 1.69 1.45-1.98 14.48 3 0.002
Sensitivity: adding in study #30 OR =137 1.29-1.45 2138 5 <0.001
Sensitivity: removing outlier study #31 OR = 1.33 1.26-1.42 3.52 3 0.318
DF = degrees of freedom

tigated TUGR, which supports our data for low birth
weight.

DISCUSSION

Epidemiologic studies involving caffeine consump-
tion by pregnant women have resulted in differing results
concerning adverse fetal outcomes. This meta-analysis
was designed to examine the risk of spontaneous abor-
tion and fetal growth retardation, as these two outcomes
are sources of significant morbidity, mortality, and soci-
etal burden in terms of costs.

This meta-analysis indicates a modest but statisti-
cally significant relationship between moderate to heavy
caffeine consumption in pregnancy and the risk for
spontaneous abortion and low birth weight. In order to
reasonably assess the implications of these findings, the
results of subgroup and sensitivity analyses must be
examined along with the limitations of the accepted
studies.

‘Defining an appropriate reference group was a
challenge in this analysis. Most of the studies did not
explicitly differentiate low-exposed and unexposed
groups. The control group (0 to 150 mg caffeine/d) was
chosen based on the large number of studies that utilized
this categorization as “light” caffeine users (<150 mg/d).
Results of the sensitivity analysis comparing “zero”

caffeine intake to the control group (0 to 150 mg/d)
validated the assumption that less than 150 mg of
caffeine consumption per d constituted an appropriate
control group for our meta-analyses. Srisuphan et al. (16)
reported similar findings in their research, which ex-
plored caffeine consumption-and the risk of spontaneous
abortion. They postulated a possible “threshold effect” of
around 150 mg/d, reasoning that intake below this level
would not be enough caffeine to affect the fetus in terms
of cell growth, cell division, or uteroplacental circula-
tion. :

Spontaneous abortion

The analysis indicates a small but significant rela-
tionship between moderate to heavy caffeine consump-
tion and the risk for spontaneous abortion. The study by
Armstrong and colleagues (17) contributed heavily to the
sample size of this analysis. When that study was
removed from the main analysis (Table 5), the odds ratio
increased to 1.69 (95% CI, 1.45-1.98). The overall
analysis for spontaneous abortion exhibited a large de-
gree of heterogeneity (Q = 21.21, P < 0.001). We
identified the study by Dominguez-Rojas and coworkers
(31) as an outlier by examining its contribution to the
variance of Q for homogeneity. We performed a sensi-
tivity analysis to determine the effect of this study on

Table 6. Results of individual studies comparing low birth weight caffeine exposure (>150 mg caffeine/d) to control groups (0
to 150 mg caffeine/d)

Caffeine exposure >150 mg/d Controls

Article LBW Birth weight >2500 g LBW Birth weight >2500 g OR/RR (95% CI)

Caan, Goldhaber (23)1* 34 27 - 26 108 OR = 142 (0.79-2.52)
Fenster et al. (21) 26 217 61 926 RR = 1.73 (1.12-2.68)
Fortier et al. (19) 79 1,156 242 5,251 RR = 1.45 (1.14-1.86)
Linn et al. (32) 116 1,152 839 10,098 RR = 1.19 (0.99-1 .49)
Martin and Bracken (20) 32 987 38 2,603 RR = 2.18(1.37-347)
McDonald et al. (22) 455 5,001 1,837 33,152 RR = 1.59 (1.44-1.75)
Mills et al. (30)* 5 82 16 320 RR = 1.21 (0.46-3.20)

Summary odds ratio

OR = 1.51 (1.39-1.63)

OR/RR = odds/risk ratio from individual studies; 95% CI = 95% confidence interval for odds ratio. LBW = low birth weight defined as birth

weight < 2500 g.

not included in summary odds ratio as study’s caffeine stratification of groups did not meet the exact caffeine stratification definitions for
combinability in the meta-analysis (assumptions made to test data as a sensitivity analysis as described in Methods).
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Table 7. Combined results of studies examining low birth weight.

Summary " Homogeneity
Analysis n Ratio 95% CI Q DF P
Primary analysis (Studies 19-22, 32)* 64,268 RR = 1.51 1.39-1.63 8.72 4 0.068
Sensitivity: removing study #22 RR = 1.38 1.20-1.57 6.53 3 0.088
Sensitivity: adding study #30 RR = 1.50 1.39-1.63 891 5 0.113
Sensitivity: adding study #23 OR = 1.55 1.42-1.69 9.55 5 0.089
Combined results comparing LBW in moderate” 61,374 RR = 1.33 1.21-1.47 6.97 4 0.137
caffeine exposure to control® group (19-22, 32)
Combined resuits analysis comparing LBW in 58,013 RR = 1.81 1.61-2.04 10.98 4 0.029
heavy? caffeine exposure to control® group
(19-22, 32)
Combined results analysis comparing LBW in : 9,221 RR = 1.38 1.20-1.60 2.76 4 0.598
heavy! caffeine exposure to moderate® group
{19-22, 32)
Combined results analysis comparing LBW in 82,640 RR = 1.06 1.00-1.13 3.07 4 0.546
“zero™® caffeine exposure to control® group
(19-22, 32)

LBW = low birth weight defined as birth weight <2500 g.

2Main analysis compares caffeine exposure (>150 mg/d) to control group.

150 to 300 mg caffeine/d

¢ 0 to 150 mg caffeine/d.

2>300 mg caffeine/d.

*Groups designated as having no caffeine intake.

both homogeneity and the summary odds ratio. After its
removal, the summary odds ratio was reduced slightly to
1.31, and the heterogeneity statistics became nonsignif-
icant (Q = 3.52, P = 0.318). That study was analyzed to
determine a possible explanation for its divergent results.
The study had been conducted in Madrid, Spain and

Table 8. Potential confounders as identified by included
studies

. Smoking

. Alcohol

. Maternal age

. Cannabis

. Previous abortion

. Gravidity

. Parity

. Employment status

. Education

10. Body type

11. Infection

12. Family history

13. Race

14. Drug use

15. Married status

16. Menarcheal age

17. Prior gynecologic surgery

18. Interval from previous pregnancy less than 6 months
19. Pregnancy induced hypertension
20. Uterine abnormality

21. Previous stillbirth

22. Insurance coverage

23. Use of tap water

24. Nausea during pregnancy

25. Weight extremes

26. Hours of physical activity/week
27. Previous low birth weight newborn
28. Previous preterm births

29. Weight gain in pregnancy

=N RN W W B Y N e

espresso coffee was the most common form of caffeine
consumption reported. This coffee was found to contain
about 140 mg caffeine/cup, which is almost twice as
strong as a cup of coffee consumed in North America (8).
When examining the results of the expectant mothers
who had consumed more than 420 mg caffeine per d, it
was found that 61 out of 87 (71%) pregnancies resulted
in spontaneous abortion. In comparison, the study by
Armstrong et al. (17), conducted in Montreal, Canada,
investigated a group of women who had consumed over
700 mg of caffeine/d in the form of regular coffee. The
rate of spontaneous abortion in those women was 30.9%.
It is interesting to note the difference in the concentration
of caffeine in the two studies and the resultant rates of
spontaneous abortion. It may be that the consumption of
beverages containing highly concentrated caffeine over
short periods has a more significant effect on’ fetal
development than conventional beverage consumption,
or that espresso coffee has other unmeasured ingredients
that may also be contributing to outcomes. These theo-
ries warrant consideration in future research.

In summary, the sensitivity and subgroup analyses
performed within the spontaneous abortion analysis in-
dicated that no group of studies (cohort or case control)
or individual investigation influenced, to any degree, the
overall main analysis of the summary odds ratio. The
study by Dominguez-Rojas and coworkers (31) contrib-
uted to the heterogeneity of the analysis, however, the
change in summary odds ratio was negligible, and
nonheterogeneity was achieved when that study was
removed from the analysis.
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Table 9. Comparison of confounding factors of accepted spontaneous abortion studies

Adjusted RR/OR
(95% CI)

Comments

Confounders
Study identified® Reported RR/OR (95% CI)
Armstrong et al. (17) 1,2,3,5,6,8,9,13 OR = 1.17 (1.03-1.32) for
zero vs. 375-675 mg
caffeine consumption
Dominguez-Rojas et al. 1,2,3,5,15,16 RR = 1.87 (1.12-3.14) for
[€3)) 141-280 mg, RR = 5.15
(2.70-9.82) for 291-420
mg, RR = 20.47
(10.85-38.65) for >420
mg
Fenster et al. (27) 1,2,3,5,6,8,9,13, OR = 1.24 (0.90-1.71)
15,21,22,23,24 151-300 mg, OR =
1.55 (1.04-2.31) >300
mg
Infante-Rivard et al. (29) 1,2,3,6,9,19,20 not reported

not reported

OR = 2.20 (1.22-3.96)
for 141-280 mg, OR
= 4.81 (2.28-10.14)
for 291-420 mg, OR
= 5.43 (7.34-32.43)
for >420 mg

OR = 1.17 (0.84-1.62)
151-300 mg, OR =
1.22 (0.8-1.87)
>300 mg

OR = 1.95 (1.29-2.93)
for 048 vs 163-321
mg caffeine

After adjusting for confounders,
reported risk of spontaneous
abortion increases by factor of
1.017 per cup of coffee
consumed per day (P = 0.01)

Outlier study (see discussion)

Spanish hospital workers
Expresso coffee (160 mg/cup)

55% increased likelihood of
heavy caffeine consumption
for cases as compared to
controls (association increases
with dose)

Pattern of increased risk for fetal
loss with increasing quantity
of caffeine intake

Mills et al. (30) 1,2,3,5,6,7,8,9, not stated
11,12,13,14
Srisuphan and Bracken 1,2,3,4,5,6,7,13, RR = 1.95 {P (for
(16) - 16,17,18 significance) = .07 for

OR increased by a factor of 1.22
for each 100 mg caffeine
intake per day.

Study used for sensitivity
purposes only

Positive association between
caffeine use and smoking

OR = 1.15 (0.89-1.49)

RR = 1.73; P (for
significance) = 0.03

control] (1-150 mg vs

>150 mg

Wilcox et al. (28) 1,2,3,4,5,6,9,10

RR = 2.4 (0.80-7.00)
control vs >150 mg

N/A Sample too small (» = 171) for
extensive multivariate analysis

2See Table 8 for confounder numbering scheme.

Low birth weight

The risk ratio calculated for the main analysis of
studies (control versus > 150 mg caffeine/d) was 1.51
(1.43-1.69). The study by McDonald et al. (22) was
substantially larger than the others. Upon removal of that
study from the main analysis for low birth weight, the
relative risk was reduced to 1.38 (1.20~1.57). Adding the
study by Mills and colleagues (30) or Caan and Gold-
haber (23), which used different controls and consump-
tion groups than our criteria, had virtually no effect on
the outcome of the summary risk ratio or confidence
intervals calculated in the main analysis (Table 7).

In order to explore a possible dose—effect relation-
ship between caffeine consumption and risk of outcome,
we calculated summary risk ratios for control versus
moderate (150 to 300 mg caffeine/d) and control versus
heavy (>300 mg caffeine/d) groups. These increasing
ratios suggest an increased risk of low birth weight
neonates in relation to the amount of caffeine consumed
above 150 mg/d.

Finally, two studies (19,21) were combined that
defined JIUGR as birth weight less than the tenth percen-
tile for gestational age, to determine whether there was
an association. The summary risk ratio calculated by
combining these two studies was almost identical to the

overall analysis for low birth weight, thus supporting our
original findings.

Study limitations

When combining studies addressing the reproduc-
tive risks of caffeine, one has to acknowledge the
limitations inherent to this research.

Measurement of caffeine

All of the studies that were accepted into the
meta-analyses depended on the recall of the mother or
expectant mother with regards to her level and sources of
caffeine consumption. Ability to accurately recall and
report the amount of caffeine ingested partly depends on
whether the research was done prospectively or retro-
spectively. To study this type of recall bias, Fenster et al.
(45) tested the recall of women who had been asked to
report their caffeine consumption six months earlier.

~ They showed that the women were able to reproduce

their answers from six months earlier, within 1 cup of
coffee, 77% of the time. As presented in Tables 2 and 3,
four of the five studies in each of the two overall
meta-analysis groups were researched retrospectively.
Although recall bias may be a source of error in
estimation, Fenster et al. showed that a habitual beverage
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Table 10. Comparison of confounding factors of accepted fetal growth studies
Confounders Reported RR/OR Reported Adjusted RR/OR
Study identified® 95% CI) (95% CI) Comments

Caan et al. (23) 1,2,3,6,13,29

1,2,3,5,7,8,9,13,
15,19,21,22

Fenster et al. (21)

Fortier et al. (19) 1,2,3,7,8,9,15,21,

25,26,27,28
Linn et al. (32) 1,2,3,5,6,7,8,9,13,
15,21,25
Martin and Bracken 1,2,3,4,5,7,8,13,
(20) 15,21,25,29
McDonald et al. 1,2,3,5,6,7,8,9,13

22)

Mills et al. (30) 1,2,3,5,6,7.8,9,11,

OR = 2.30 (CI not stated)
for zero vs >300 mg
caffeine consumption
per day

OR = 2.36 (1.174.93)
for zero vs >300 mg/d
caffeine consumption
(LBW)

OR = 1.86 for 0-10 mg
vs 151-300 mg in
TUGR (CI not stated)

OR = 1.45 for >300 mg
vs control (CI not
stated)

RR = 4.0 (1.9-8.6) for
zero vs >300 mg/d

not stated as crude OR
(estimated by logistic
regression in next
column)

not stated

OR = 3.53 (1.05-11.81)
for zero vs >300 mg
caffeine consumption per
day

OR = 2.05 (0.86-4.88)
zero vs. >300 mg
caffeine consumption
(LBW)

OR = 1.4 (1.05-1.85) for
0-10 mg vs 151-300 mg
in JUGR

OR = 1.17 (0.85-1.61) for
control vs >300 mg

RR = 4.6 (2.0-10.5) for
zero consumption vs
>300 mg/d

OR = 1.34 (1.10-1.65) for
low birth weight adjusted
for gestational age; zero
vs 375-750 mg per d

not stated

Case control study.
Small study size.

Reported OR adjusted for age,
parity, race, hypertension,
cigarette, and alcohol
consumption.

OR for TUGR were for full term
births.

Frequency of smoking was over 3
times greater in coffee drinkers
300 mg/d

Analysis included term births only

RR actually increased after
adjusting for confounders

-Women who drank >10 cups of

‘coffee per day OR = 143
(1.02-2.02).

Birth weight percentile was lower

12,13,14

in caffeine users after
adjustment. P (for significance
= 0.06 e

“See Table 8 for confounder numbering scheme.

such as coffee (which was the main source of caffeine in
all studies) is often consumed in daily patterns that may
not be very difficult to predict.

A second possible type of error introduced into the
issue of caffeine measurement is encountered upon
estimating the amount of caffeine contained in specific
servings. Most studies utilized an educated “guess” by
taking averages of various analyzed samples obtained
from their study population. In order to examine the
variation in caffeine content of beverages, conversion
factors used for estimating caffeine content in each study
are presented in Tables 2 and 3.

A third potential error involving caffeine intake
estimation involves the lack of identification of all
sources of caffeine consumed. Tables 2 and 3 summarize
" the sources of caffeine included in each study. Varying
protocols exist, with three studies taking only coffee into
account in their estimation of consumption. Although
coffee is the most common source of caffeine, this
systematic error would generally lead to a degree of
underestimation of caffeine use. It is assumed that this
underestimation would occur to the same extent in the
control and caffeine consumption groups.

Combinability of results

In order to perform a meta-analysis of studies one
needs data that can be validly combined. Some studies
were excluded on the basis of stratifications of caffeine
consumption that differed from those used in the meta-

analysis. Furthermore, additional studies were excluded
because they lacked valid controls.

A formal quality assessment was not performed on
individual studies. However, the inclusion/exclusion cri-
teria, along with a systematic data extraction process,
served as an inherent quality assessment mechanism.

Undetected spontaneous abortions

Wilcox and associates (28) showed that approxi-
mately 25% of biochemically detected pregnancies
ended before being clinically detected. One might as-
sume that early loss of pregnancy would follow the
patterns of late spontaneous abortion among the various
stratifications of caffeine consumption. The extent to’
which this assumption is valid determines the amount of
error introduced into the meta-analysis.

Confounders

Various confounding factors were identified in the
accepted articles (Table 8). Tables 9 and 10 illustrate
how individual studies handled the important issue of
confounders and how they have adjusted risk ratios
accordingly. The most important common confounders
appear to be concurrent smoking, alcohol use, maternal
age over 35, and previous spontaneous abortion. Most
other confounding factors would be equally distributed
among the various stratifications of caffeine consump-
tion. However, levels of smoking, alcohol use, and
maternal age have been shown to have a positive
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correlation with levels of caffeine consumption (9).
Certainly, adjustment for these confounders by multivar-
iate analysis would be a desirable component to inter-
preting the influence of confounders on summary ratios.
Unfortunately, due to the nature of data presentation in
the individual studies, adjustment for these confounders
was not possible. For example, when these studies
reported the number of spontaneous abortions in caf-
feine-exposed and non-exposed groups, they did not
specifically delineate the number of smokers in each
caffeine stratification group. Conseduently, we were
unable to adjust the overall summary ratios for either
outcome of the meta-analysis for smoking or any of the
other confounders.

Risk of spontaneous abortion increases as the quan-
tity of cigarettes smoked/d increases (9). In most of the
five studies in the main analysis for spontaneous abor-
tion, the odds ratios were not altered significantly even
after the researchers adjusted for smoking and other
confounders (as reported in each study). It would have
been interesting to have been able to quantify the
interrelationship between caffeine and smoking on spon-
taneous abortion.

The issue of smoking as a confounder in the fetal
growth analysis is an interesting one. It has been postu-
lated that the negative effects of caffeine on fetal growth
occur in the third trimester, as this is the time when the
greatest rate of growth occurs (5). Nicotine is known to
increase the rate of metabolism of caffeine in humans.
Pregnant women have only one-third the capacity to
metabolize caffeine in the third trimester of pregnancy
). This reduction, combined with the fact that the fetus
is unable to metabolize caffeine, is thought to be an
important contributing factor in the proposed fetal
growth retardation. The issue is complex because smok-
ing is known to retard fetal growth by a different
mechanism (9). Our accepted studies illustrate these
conflicting results as two of the studies (20,23) actually
showed higher risk ratios for the relationship of caffeine
consumption with low birth weight after adjustment for
smoking. In direct contrast to this observation, the study
by Fortier and colleagues (19) showed that the risks from
caffeine consumption and smoking were more than
additive in their contributions to the risk of fetal growth
retardation. Although the results of any particular study

involved in the analyses were not significantly altered by . .

adjustment for confounders, it should be noted that the
summary effect of the confounder may have inflated the
results of the meta-analyses.

Our results suggest a small but statistically signifi-
cant increase in the risks for spontaneous abortion and
for low birth weight babies in pregnant women consum-
ing more than 150 mg of caffeine per d. Pregnant women
should be encouraged to be aware of dietary caffeine

-

intake and to consume less than 150 mg of caffeine/d
from all sources throughout pregnancy. Future research
should include reliable methods of caffeine measure-
ment, standardized control and caffeine exposure groups,
and a standard approach to control for confounders.
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MATERNAL SERUM PARAXANTHINE, A CAFFEINE METABOLITE, AND THE RISK OF SPONTANEOUS ABORTION

Background Whether the consumptlon of caffeine

nf anAnntana
during preghancy increases the risk of spontanescus

abortion is controversial. Prior studies have deter-
mined caffeine consumption by questionnaire. We
used a biologic marker, serum paraxanthine, a me-
 tabolite of caffeine, to measure the dose of caffeine,
Methods in a nested case~control study, we meas-
“ured serum paraxanthine in 591 women who had

o At l thanm 140 A
spontanecus abortions at less than 140 days’ gesta-

tion and in 2558 matched women from the same
clinic who gave birth to live infants at 28 weeks’ ges-
tation or later and who had serum drawn on the
same day of gestation as the women who had abor-
tions. The women were enrolied in the Collaborative
Perinatal Project during the period from 1959 to

.
19686, and serum paraxanthine was measured over

[=aeae W UTTMI Y G LT s UV G0

30 years later.

Results A total of 487 women who had spontane-
ous abortions (82. percent}) and 2087 controls (82
.percentl had quantlf:able serum paraxanthine con-
centrations. However, the mean serum paraxanthine

concentration was higher in the women who had
snontaneous ahortions than in tha contrals (752 ve.
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583 ng per milliliter, P<0,001). The odds ratio for spon-
taneous abortion was not significantly elevated in the
.women who had serum paraxanthine concentra-
tions of 1845 ng per milliliter or lower, c‘orresponding
to the 95th percentile of the matched women, How-
ever, the adjusted odds ratio for spontaneous abortion
among women with serum paraxanthine concentra-
tlons hlgher than 1845 ng per mxlllllter, as compared
milliliter, was 1.9 (95 percent confidence interval, 1.2
to 2.8). '
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Conclusions Only extremely high serum paraxan-
thine concentrations are assocuated with spontaneous
abortion. This suggests that maderate cansumnption
of caffeine is unhkely to increase the risk of sponta-
neous abortion. (N Engl J Med 1998;341:1639-44,)

©1998, Massachusetts Medical Socisty.

X "HETHER consumption of caffeine

‘ K 7 during pregnancy increases the risk of

v v spontaneous abortion is controversial.
moderate caffeine consumption is associated with a
risk of fetal loss that is more than double the risk in

women who do not consume caffeine.l2 Others have

reported that the risk is elevated only for women
who consume three or more cups of coffee per day?

or those who consume large amounts of caffeine and

Several studies have indicated that even.

ATERNAL SERUM PARAXANTHINE, A CAFFEINE METABOLITE, AND THE RISK
OF SPONTANEOUS ABORTION

Magrk A. Kiesanorr, M.D., M.P.H., RicHaRD J. Leving, M.D., M.P.H., Resecca DErSIMONIAN, Sc.D.,
JoHn D. CLemens, M.D., aNp Diana G. WiLkiNs, PH.D.

¢ variations in individual rates of caf-’
olism make it difficuit to transiate even
an accurately rcportcd intake into serum concentra-
PR P, fac smmmaale n120-2 10 T PO
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serum paraxanthine, the primary metabolite of caf-

crtmnfinn AF (‘q"‘
feine, to determine whether the consumption of ca

feine is associated with spontaneous abortion.

METHODS

‘Study Subjects

Our sample consisted of women enrolled in the Collaborative
Perinatal Project, a prospective study of pregnancy, labor, and
child development conducted at 12 sites in the United States from
1959 to 1966. The women in that study were enrolled when they

presented for arenatal care and were followed for the remainder
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of their pregnancy. There were approximately 55,000 births to
42,000 women.i! A.lthough no information was collected on the
consumption of coffee, tea, or soft drinks, serum was obrained ap-
proximately every two months during pregnancy, at delivery, and
six weeks after delivery. Information about vomiting was obtained
at enrollment and at each prenatal visit, and gestational age was es-'
timated on the basis of the reported first day of the last menstrual

navinad
Perioa,

A total of 830 women had early fetal losses (less than 140 days
after the first day of the last menstrual period); serum was ob-
tained duiing the pregnancy from 704 of these women. The rel-
atively small number of women with early fetal losses was due to
the late gestational age at which many women were enrolled in the
study.!! The women were stratified according to the clinical cen-
ter and the day of gestation on which the carlicst serum sample

metmr s maale sdaadas

s s tarate Salon Lot

‘was outamca For the women with €arly iCial iosses i each Stratiiini,
we selected four times the number of women at the same center
who gave birth to live infants after at least 28 weceks of gestation
and who had serum drawn on the same day of gestation (con-

From the Division of Epidemioiogy, Statistics, and Prevention Research,
National Institute of Child Health and Human Development, Bethesda,
Md. (M AK,R IL R.D, ]’D C. ), and the Center for Human Tox:cology,
University of Utah, Sait Lake City (D.GW.). Address reprint requests to Dr.
Klebanoff at the Division of Epidemiology, Statistics, and Prevention Re-
search, National Institute of Child Health and Human 1 Development, Nanon-
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trols). Serum was obtained at an unknown time of day during
clinic visits and during hospitalization for delivery.

Serum caffeine and paraxanthine were assayed. In a pilot study,}?
serum caffeine and paraxanthine concentrations were positively cor-
related with the caffeine consumption reported by pregnant wom-
en, but the serum paraxanthine concentration was more closely
correlated with caffeine consumption than was the serum caffeine
concentration, particularly among smokers. The serum concen-
tration of paraxanthine is less sensitive than that of caffeine to very
recent caffeine intake.’ Accordingly, our primary objective was to
test the hypothesis that the mean serum paraxanthine concentration
was higher in women who had spontancous abortions than in wom-
en who delivered live infants. An additional objective was to deter-
mine whether there was a threshold above which the serum para-
xanthine concentration was associated with spontaneous abortion.

Biochemical Assays ,
- Serum caffeine and paraxanthine were measured with the use
of high-performance liquid chromatography.?? The limit of quan-
titation was established at 50 ng per milliliter for caffeine and par-
axanthine; the limit of détection was 25 ng per milliliter. The in-
traassay and interassay coefficients of variation were less than 6.9
percent at 200, 800, and 2000 ng per milliliter. The laboratory
personnel who performed the assays were unaware of the out-
come of each pregnancy. Serum samples from the women who had
spontaneous abortions and from the matched controls were ana-
lyzed in the same batch; the order of the samples varied from batch
to batch. Since this analysis involved previously collected specimens
from which identifying information had been removed, the Of-
fice of Human Subjects Research found it to be exempt from the
requirement for approval by an institutional review board.

Statistical Analysis

- Continuous variables were compared with use of Student’s
t-test or analysis of variance, and categorical variables were com-
pared with use of the chi-square test. The standard deviation for the
serum paraxanthine concentration was proportional to the mean,
violating the assumptions of the t-test and analysis of variance. Log
transformation of the serum paraxanthine values solved this prob-
lem. Since the results with the use of log-transformed data did not
differ substantially from the results with the use of untransformed
dadta, only the latter are reported here. Thé association between the
serum paraxanthine concentration and spontaneous abortion was
analyzed by conditional logistic regression.1¥’

RESULTS

There were 704 women who had early fetal losses
and 2816 controls. Since the Collaborative Perinatal
Project had only one code for all early fetal losses, the
original study records were reviewed to identify the
women who had spontaneous abortions. Forty-six of
the women with early fetal losses had induced abor-
tions, ectopic pregnancies, or iatrogenic termination
of pregnancy or died during pregnancy. For the group
of 658 women in whom fetal loss was due to spon-
taneous abortion, it was not possible to determine
from a review of the records whether serum drawn on
the day of spontaneous abortion was obtained be-
fore or after the event, so the 57 women in whom the
serum sample had been obtained on the day of abor-
tion were excluded from the analysis. In an additional
10 women who had spontaneous abortions, insuffi-
cient serum was available for analysis. The exclusion
of these 113 women required the exclusion of 208
matched controls, and in 50 additional controls, in-
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sufficient serum was available for analysis. The final
study group thus comprised 591 women who had
spontaneous abortions and 2558 matched controls.

We compared the group of 591 women with spon-
taneous abortions whose serum samples were avail-
able for analysis with the group of 193 women with
spontaneous abortions for whom serum samples were
not available. The median date of enrollment was Jan-
uary 1963 for the former group and December 1960
for the latter (P<0.001), suggesting that study pro-
cedures improved over time; and the two groups of
women were enrolled on day 76 and day 80 of ges-
tation, respectively (P=0.02). On average, 24 days
elapsed from enrollment to the spontaneous abortion
for women for whom serum was available, as com-
pared with 12 days for women for whom serum was
not available (P<<0.001). The proportion of women
from whom serum was obtained varied significant-
ly among the study sites, ranging from 70 to 100
percent.

The characteristics of the women who had spon-
taneous abortions and the controls are shown in Ta-
ble 1. Serum was drawn on the same day of gestation
in the two groups. The mean duration of pregnancy
was slightly more than 14 weeks among the women
who had spontaneous abortions and was 39 weeks
among the controls. The median interval from the col-
lection of serum to abortion was 17 days. The wom-
en who had spontaneous abortions were significant-
ly older than the controls (P<0.001), more likely to
smoke (P<0.001), and less likely to have vomited
(P<0.001) or to have taken medications containing
caffeine (P=0.02) during pregnancy.

The serum paraxanthine concentrations are shown
in Table 2 according to the outcome of pregnancy and
maternal characteristics. In both the group of wom-
en who had spontaneous abortions and the control
group, higher serum paraxanthine concentrations were
associated with increasing age, white race, smoking,
and the absence of vomiting during pregnancy. The
serum paraxanthine concentration was positively as-
sociated with the level of education only in the con-
trol group. In almost every category of each of these -
characteristics, the serum paraxanthine concentration
was higher in the women who had spontaneous abor-
tions than in the controls (Table 2).

A total of 487 women who had spontaneous abor-
tions (82 percent) and 2087 controls (82 percent) had
quantifiable serum paraxanthine concentrations (P=
0.64). However, the mean serum paraxanthine con-
centration was significantly higher in the abortion
group than in the control group (752 vs. 583 ng per
milliliter, P<0.001). The odds ratios for spontaneous
abortion according to the serum paraxanthine con-
centration, with the women who had unquantifiable
serum paraxanthine concentrations (<50 ng per milli-
liter) used as the reference group and with adjustment
for smoking status, age, and race or ethnic group, are
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TABLE 1. CHARACTERISTICS OF THE WOMEN WHO HAD
SPONTANEQUS ABORTIONS AND THOSE WHO GAVE BIRTH
TO LivE INFANTS (CONTROLS).

TABLE 2. MEAN SERUM CONCENTRATIONS OF PARAXANTHINE
ACCORDING TO THE OUTCOME OF PREGNANCY
AND MATERNAL CHARACTERISTICS.

WOMEN wiTH
SPONTANEOUS
ABORTIONS ConTrOLS -
CHARACTERISTIC (N=591} {N=2558)
Length of gestation when blood sample ob-
tained (days)
Mean 78 78
Median 76 76
Length of gestation at time of abortion or
delivery (days)
Mean 100 274
Median 99 278
Interval between blood sample and abortion
(days)
Mean \ 22 -
Median 17
Mean age at enrollment (yr) 27 25
Smoker (%)* . 46 39
Vomiting since last menstrual period (%)1 38 56
Education (%)t )
<12 yr 50 40
12yr 31 37
=13 yr ) 19 23
Race or ethnic group (%)
White 61 65
Black 33 29
Other or unknown§ 6 [
Diagnosis of diabetes mellitus before preg- 3 2
nancy (%)
Use of medications containing-caffeine (%)
During month serum sample was obtained 6 9
During month before serum sample was 4 6
obtained

*Data were available for 591 women who had ;spontancous abortions
and 2542 controls.

fData were availablc. for 515 women who had spontaneous abortions
and 2544 controls.

4Data were available for 447 women who had spontancous abortions
and 2518 controls.

- §Eleven percent of the women in this category were Asian, 85 percent
were Puerto Rican, and 4 percent were unclassified with respect to race or
ethnic group. .

v

shown in Figure 1. Data on vomiting during pregnan-
cy and educational level were missing for a substan-
tial number of women. However, adjustment for these
factors did not substantially change the odds ratios
(data not shown). The increased risk of spontaneous
abortion was almost entirely restricted to women
with serum paraxanthine concentrations higher than
1845 ng per milliliter, corresponding to the 5 per-
cent of controls with the highest concentrations (ad-
justed odds ratio, 1.9; 95 percent confidence inter-
val, 1.2 to 2.8). For the remainder of the analyses,
the women were grouped according to their serum
paraxanthine concentrations (<50 ng per milliliter,
50 to 1845 ng per milliliter, and >1845 ng per mil-
liliter, corresponding roughly to <20th percentile of
serum paraxanthine values in the controls, 20th to
95th percentile, and >95th percentile).

‘The association between serum paraxanthine con-

WoMEN WITH
CHARACTERISTIC SPONTANEOUS ABORTIONS CONTROLS
SERUM r SERUM P
PARAXANTHINE  VALUE PARAXANTHINE VALUE
-ng/mt ng/ml

Age . <0.001* <0.001*
<20 yr . 447 359 :
20-24 yr 512 498
25-29 yr 835 681
30-34 yr 1068 713
=35 yr 1024 870

Education ' 0.74* 0.01*
<12 yr 714 515
12 yr . 748 593
=13 yr 680 612

Smoker <0.001 <0.001
Yes 899 762
No 626 474

Vomiting <0.001 : <0.001
Yes 585 536
No 849 646

Race or ethnic group <0.001 <0.001
White 931 679
Black 435 357
Other or unknown 652 . 659

*The P value is for trend.

centrations and spontaneous abortion according to

- other factors is shown in Table 3. All odds ratios

were adjusted for maternal age, smoking status, and
race or ethnic group. For women with very high se-
rum paraxanthine concentrations, the odds ratio for
spontaneous abortion did not differ significantly ac-
cording to whether the abortion occurred at 100 or
more days of gestation or earlier (100 days was the
median interval), whether the serum sample had been
obtained 17 or fewer days before spontaneous abor-
tion or more than 17 days earlier (17 days was the me-
dian interval), or whether the woman had or had not
vomited since her last menstrual period.

To determine whether differences in desiccation
over time affected the results, we measured serum
sodium in 3057 samples, using direct potentiometry
with ion-selective electrodes. The mean (£SD) serum
sodium concentration was 137+27 mmol per liter.
After standardization of the serum paraxanthine con-
centration to a serum sodium concentration of 135
mmol per liter, the results shown in Figure 1 were
largely unchanged.

DISCUSSION

Our results indicate that the serum concentration
of paraxanthine, the primary metabolite of caffeine,
is higher in women who have spontaneous abortions
than in women who give birth to live infants. How-
ever, the risk of spontaneous abortion is not in-
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anure 1. Adjusted Odds Ratios and 95 Percent Confidence intervals for Spontaneous Abartion Accord-
ing to the Serum Concentration of Paraxanthine.

The reference category is values of less than 50 ng per milliliter. The odds ratios have been adjusted
for smoking status, age, and race or ethnic group. The percentiles are for the serum paraxanthine val-

ues in the controls.

creased until extremely high serum paraxanthine con-
centrations are reached. Our results support previ-
ous studies showing that the consumption of large
amounts of caffeine is associated with an increased
risk of spontaneous abortion’4 but that moderate
consumption does not increase the risk 3-8

Since there is no precise way to equate a serum
paraxanthine concentration with an amount of caf-
feine intake, our results cannot directly answer the
question of how much caffeine is safe during preg-
nancy. However, there may be indirect ways to an-
swer this question. Our pilot study!? involved wom-
en who had participated in the Birmingham, Alabama,
study of infant growth in the mid-1980s1¢ The
highest caffeine intake in that cohort was 1530 mg
per day (equivalent to approximately 15 cups of cof-
fee). The highest measured serum paraxanthine con-
centration was 1165 ng per milliliter, which was sub-
stantially lower than the value at the 95th percentile
in this study (1845 ng per milliliter). Even with al-
lowance for volume loss during storage, the 95th
percentile of serum paraxanthine in this study is high-
er than the highest value in the Birmingham study.
Extrapolating from our pilot data, a 60-kg woman
who did not smoke and who consumed 600 mg of
caffeine (about 6 cups of coffee) per day or a 60-kg
woman who smoked and who consumed 1100 mg
of caffeine (about 11 cups of coffee) per day would
have an estimated serum paraxanthine concentration
of 1845 ng per milliliter.
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Additional information to equate serum paraxan-
thine concentrations with caffeine intake comes from
the California Child Health and Development Stud-
ies,!5 involving a prospective cohort of pregnant wom-
en in the 1960s. In that study, women were asked
about their intake of coffee and tea. Assuming that.
a cup of tea contains half the caffeine of a cup of cof-
fee, the 95th percentile of caffeine intake was equiv-
alent to 8.5 cups of coffee per day, which is consis-
tent with the extrapolated data from our pilot study
and conservatively suggests that the 95th percentile
of caffeine intake in the current study was the equiv-
alent of more than 5 cups of coffee per day.

Several caveats should be noted. First, the women
in the Collaborative Perinatal Project were enrolled
relatively late in gestation, and the majority of abor-
tions occurred in the second trimester. Furthermore,
karyotype analyses were not performed for any of the
aborted fetuses. Fetuses aborted early in gestation are
more likely to have chromosomal abnormalities than
are fetuses aborted later.16 However, abortion of chro-
mosomally normal fetuses is a more sensitive indicator
of exogenous risk factors.!¢ The association between
caffeine intake and spontaneous abortion has been re-
ported to be similar for chromosomally normal and
abnormal fetuses, suggesting either that caffeine in-
creases the risk of loss for both types of fetuses or
that the association is not causal.

Second, the Collaborative Perinatal Project record-
ed data on vomiting during pregnancy but not on
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TasLE 3. ADJUSTED ODDSs RATIOS FOR SPONTANEOUS ARORTION ACCORDING TO
THE SERUM PARAXANTHINE CONCENTRATION AND ADDITIONAL FACTORS.

FacToR

>17 Days between collection of serum
and spontancous abortion}

Serum paraxanthine, <50 ng/mi

Serum paraxanthine, 50~1845 ng/ml

Serum paraxanthine, >1845 ng/ml

<17 Days between collection of serum
and spontaneous abortion}

Serum paraxanthine, <50 ng/ml

Serum paraxanthine, 501845 ng/ml

Serum paraxanthine, >1845 ng/ml

Spontaneous abortion at =100 days’ gestation}

Serum paraxanthine, <50 ng/ml
Serum paraxanthine, 50-1845 ng/mi
Serum paraxanthine, >1845 ng/ml

‘Spontaneous abortion at <100 days’ gestation}-

Serum paraxanthine, <50 ng/mi

Serum paraxanthine, 501845 ng/mi
Serum paraxanthine, >1845 ng/mil
Vomiting since last menstrual period§
Serum paraxanthine, <50 ng/ml

Serum paraxanthine, 50-1845 ng/mi
Serum paraxanthine,. >1845 ng/ml

No vomiting since last menstrual period§
Serum paraxanthine, <50 ng/mi '
Serum paraxanthine, 50-1845 ng/ml
Serum paraxanthine, >1845 ng/ml

Women
wITH ADJUSTED
SPONTANEQUS Opps Ratio
Asormions ConTROLS* . ToTAL (95% Chyt
number
50 240 290 1.0

206 879. 1085 1.0 (0.6~1.5)
33 62 95 2.0(1.2-3.6)
54 231 285 1.0

212 1078 1290 0.8 (0.5~1.1)
36 63 104 1.8 (1.0~3.1)
51 - 255 306 1.0

205 1042 1247  1.0(0.7-14)
33 79 112. 1.7 (1.0-3.0)
53 216 269 . 1.0

213 915 1128 0.8 (0.6-1.1)
36 51 | 87 21(1.2-3.6)
49 190 239 1.0.

221 860 1081 1.1 (0.7-1.6}
47 73. 120 2.2 (1.2-4.0)
49 277 326 1.0

133 1087 1220 0.7 (0.5-1.0)
16 57 73 1.8(0.8-3.8)

*Controls were women who gave birth to live infants after at least 28 weeks of gestation, who were
at the same clinic as the women who had spontaneous abortions, and who had sernm drawn on the
same day of gestation as the women who had spontaneous abortions.

10Odds ratios have been ad]ustcd for maternal age, smoking status, and race or ethnic group. The
reference group is women in both study groups who had serum paraxanthine concentrations of less
than 50 ng per millimeter. CI denotes confidence interval.

tControls were randomly matched with women who had spontaneous abortions in this stratum.
§Data on vomiting were available for 515 women who had spontaneous abortions and 2544 controls.

pausea. Nausea is thought to be a marker for a
healthy pregnancy, and nausea and food aversions
may cause women to. reduce their consumption of
coffee and other foods with strong aromas.” If so,
then even the elevated risk of spontaneous abortion
among women with extremely high serum paraxan-
thine concentrations may simply reflect the fact that
a viable pregnancy causes a woman to reduce her in-
take of caffeine. Since nauseated women consume less
caffeine than women without nausea and also have
a reduced risk of spontaneous abortion, the likely ef-
fect of incomplete data on nausea and vomiting would
be to overestimate the level of risk associated with
high levels of caffeine consumption.

Third, although unlike the serum caffeine concen-
tration, the serum paraxanthine concentration does

not fluctuate greatly during the day, the serum half-

by

lives of the two substances are similar: approximately
5 hours during the first trimester and 10 hours dur-
ing the second trimester.181° Therefore, serum para-
xanthine is a marker only of short-term caffeine intake.
Although we are unaware of any data that confirm
this observation, the likelihood that caffeine intake
is relatively constant from day to day provides sup-
port for the use of serum paraxanthmc as a biologic
marker of caffeine intake.

Fourth, the serum samples we used had been stored
for over 30 years. The stability of paraxanthine dur-
ing long-term storage at —20°C is unknown. In our
pilot study,? we found that the paraxanthine con-
centration in serum samples stored for eight years at
~70°C-was closely correlated with the reported caf-
feine intake, suggesting that paraxanthine remains sta-
ble under these conditions. We quantified paraxan-
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thine in 82 percent of the serum samples from the
Collaborative Perinatal Project and detected it below
the limit of quantitation in an additional 4 percent. In
the California Child Health and Development Stud-
ies, 13 percent of the women reported that they con-
sumed neither coffee nor tea. This finding is consis-
tent with our 85 percent detection rate and suggests
that marked deterioration of paraxanthine was un-
likely to have occurred.

Our study has several strengths. The serum sam-
ples were collected in the 1960s, when few pregnant
women were advised to reduce their intake of caf
feine. Per capita coffee consumption in the United
States peaked in 1962 and then declined, particularly
among people less than 40 years old.?0 The Collab-
orative Perinatal Project is therefore likely to have
enrolled many women who consumed large amounts
of caffeine. Most investigators have found it difficult

-to enroll sufficient numbers of women who consumed
large quantities of caffeine.467

- In conclusion, if caffeine causes spontaneous abor—

- tion, it does so only at serum paraxanthine concen-
trations, and presumably levels of caffeine intake, that
were uncommonly high i in the 1960s, and these high
levels are probably even less common now.

Supported by a contract (NO1-HD-7-3262) from the National Insti-
tutes of Health.
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with Pap smears. Unfortunately, blanket screening for
HPV in sexually active young women will probably
do more harm than good because of the high prev-
alence of HPV and the tendency of the infection and
lesions to regress® The key is to identify persistent,
type-specific infection, but surprisingly, there is no
consensus on what constitutes persistent infection.

It seems rational to define persistent infection as
present when the same type of HPV DNA is detect-
ed at least twice over a period of one or more years.
Since 20 percent of new HPV infections persist for at
least one year in young women, and since the longer
a young woman is infected the more likely she is to
have continued persistent infection,'® this definition
should be clinically useful in identifying women at
high risk for high-grade cervical disease (i.e., cervical
intraepithelial neoplasia of grade 2 or worse). Screen-
ing for HPV will detect prevalent infection and iden-
tify the women with a persistent type-specific infec-
tion who are likely to be at high risk for continued
persistence of HPV and cervical cancer. The detection
of persistent infection in older women should be even
more useful as 2 method of identifying women with
high-grade cervical neoplasia. Additional studies are
needed to define the natural history of HPV among
women of various ages and ethnic and racial back-
grounds and those at various degrees of risk and to
assess the value of these methods of detecting lesions
with a high likelihood of progression.

In sum, cervical cancer often begins with the sexual

transmission of HPV to a woman who is susceptible

to persistent infection. Over time, the HPV lesion
progresses to invasive cervical cancer. The prevention
of HPV infection, through vaccination, public health
measures, or identification through cytologic or mo-
lecular screening, is needed to fulfill the criteria of
Hill for definitive evidence of causation and to elim-
inate cervical cancer.

RoseRT D. Burk, M.D.

Albert Einstein College of Medicine
Bronx, NY 10461-1602
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CAFFEINE — FILTERING THE FACTS

THE article by Klebanoff and colleagues’ in this is-
sue of the Journal adds to the growing body of
literature examining the association of caffeine intake
with adverse pregnancy outcomes and developmental
problems. This study reports an association between
spontaneous abortions, primarily in the second trimes-
ter, and unusually high levels of consumption of caf-
feine, equivalent to more than six cups of coffee a day.

Unlike previous studies, in which exposure was es-
timated from the women’s reports of the amount of
caffeinated beverages they consumed, Klebanoff et
al. used a biologic marker of caffeine intake, the lev-
els of the caffeine metabolite paraxanthine in serum,
to estimate exposure. Estimation of exposure on the
basis of women’s own reports is problematic, both be-
cause of potentially inaccurate or biased reports and
because the amount of caffeine in a cup of tea or cof-
fee differs greatly, depending on the method of prep-
aration.? The use of a biologic marker of exposure
may help to reduce misclassification. Nevertheless
— emeasurement, L rnd

arly pregnancy the 1
approximately three to seven hours)
e ry markedly during preg-
aric od aversion::

Given the results of the study by Klebanoff et al.,}
can we now conclude that the consumption of caf-
feine at usual levels during pregnancy is safe? The
weight of the evidence still suggests otherwise. A re-

cent meta-analysis® concluded that there. small

ps
dies int
and low birth weight may not be the most sensitive
end points to use in determining the in utero effects
of caffeine consumption. ‘
The most obvious effects of caffeine in nonpreg-
nant adults are cardiovascular and neurobehavioral.

[t




" EDITORIALS

Knowledge of the effects of caffeine on the nervous
system dates back centuries, to the time when Ethi-
opian shepherds noticed that their sheep stayed awake
all night after grazing on wild coffee cherries. In
fact, caffeine is the most widely consumed behavior-
ally active substance in the world, with the U.S. per
capita consumption at nearly 3.5 kg of coffee per
year, or more than 150 mg of caffeine per day.* Caf-
feine, like nicotine, albeit to a lesser extent, meets
some of the criteria of the World Health Organiza-
tion and the American Psychiatric Association for a
drug of dependence and acts on the dopaminergic sys-
tem in the same way as amphetamines and cocaine.’
Caffeine and its metabolites are known to cross the
blood—~brain barrier readily in adults and fetuses alike.
They act by blocking adenosine A, and A,, receptors,
which leads to secondary effects on many classes of
neurotransmitters. .
“Intake-of caffe

(upto 11l
to 100 hours), t
infants;-and the
1 ges’ .
patterns have been noticed even when ma-
ternal intake of caffeine is moderate and when it has
no apparent effects on the mother.®

‘Studies in animals provide supporting evidence
of anatomical, neurochemical, and neurobehavioral
changes in the developing nervous system after in
utero or early postnatal exposure to caffeine.” In an-
imals, in utero or early postnatal exposure to mod-
erate-to-high doses of caffeine has been associated
with decreased brain weight and alterations in brain
development and in learning and memory, and it has
been associated with an increased incidence of apnea
in adult rats.”® Unfortunately, the results of the few
studies of the neurobehavioral effects in children after
in utero or early postnatal exposure are conflicting.

There may be subgroups of pregnant women and
children who are parti i
fects of caffeine.

ceptible, However, many of the effects of caffeine in
animals occur after doses that are within the range
of human consumption, once metabolic differences
among species are taken into account.” Several fac-
tors alter susceptibility to the effects of caffeine, in-

cluding exposure to other substances. For example,

the half:life of caffeine is halved in smokers and d
bled in -women"taking or AR ; eitié

‘tain drugs,

stich 45 vasoconstricting agents.
infants may be more susceptible than term infants,
given the longer half-life of caffeine in their bodies.
Also, infants with poor nutritional status may be par-
ticularly vulnerable to the neurochemical and con-
comitant neurobehavioral effects of caffeine.”
ochavioral e

at S action for clinicians and policy makers?
In . the Food and Drug Administration (FDA)
advised pregnant women to “avoid caffeine-contain-
ing foods and drugs, if possible, or consume them
only sparingly.”*® This advisory has not percolated
down to the general population. And no advisories
have targeted breast-feeding women or parents of
young children. In part because of our own depend-
ence on our morning cup of coffee, and because of
our inability to find strong associati i
on health in humans, v

) Me catein:
In 1997 the Center for Scienc

YeVerag v e in
the Public Interest petitioned the FDA to require
that caffeine content be disclosed on food labels, but
Congress has not yet acted.;Food:labeling is-an.ap

BRrenpa Eskenazi, PH.D.

University of California School of Public Health
Berkeley, CA 94720
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