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Introduction Gestational diabetes mellitus (GDM) is a severe
yet neglected threat to maternal and child health due to its
association with multiple adverse pregnancy outcomes.
Glycated hemoglobin (HbAIc) level is one of the most
promising predictors of GDM in early pregnancy, based on
several cohort studies done recently.

Purpose of study This systematic review and meta-analysis
aim to evaluate the potency of HbAlc level in the first
trimester as a novel predictor of GDM.

Methods This review selects cohort studies found by
database searching systematically using previously
determined inclusion criteria, such as pregnant women as
the subject, assessment of HbAlc level in the first trimester,
and assessment of odds ratio towards (GDM), and exclusion
criteria such as assessment of outcome at postpartum, not
assess GDM outcomes and studies written in languages
other than English or Bahasa Indonesia. This review was
arranged based on PRISMA guidelines.

Results and Discussion This review included seven cohort
studies, with the pooled OR of 4.36 [95%Cl: 3.66-5.20].
Quantitative analysis shows that HbAlc level in the first
trimester is a significant risk factor of GDM development
(p<0.00001). However, heterogeneity analyses revealed that
substantial heterogeneity is detected in the pooled studies.
Therefore, to understand the significance of the HbAIc level
and the development of GDM, further studies are needed.

Conclusion This study has proven the potency of first-
trimester HbAIc level as a novel predictor of gestational
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diabetes mellitus. Thus, it is necessary to integrate the use of
HbAIc level screening as part of antenatal care in the first
trimester of pregnancy.
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Introduction

As Gestational diabetes mellitus (GDM) is a
glucose intolerance condition that is first
detected during pregnancy and usually
disappears after giving birth.'It is a severe
yet neglected threat to maternal and child
health these days.? Ironically, according to
the International Diabetes Federation
(IDF), there were around 223 million
women (20-79 years) living with diabetes
today and this number is projected to
increase to 343 million by 20453

GDM is associated with multiple adverse
pregnancy outcomes. Hyperglycemia
exposure to babies in a mother's womb
increases their risk of being overweight or
obese, which is associated with type 2
diabetes mellitus development. Other
complications related to uncontrolled
GDM are spontaneous abortions, major
congenital anomalies, neonatal
hypoglycemia, excessive fetal growth,
polycythemia, jaundice, stillbirth, and
respiratory distress syndrome.*

The global prevalence of GDM among
women (20-49 years), as stated in the
study by Guariguata et al in 2013, is 16.9%,
or around 21.4 million live births. However,
it was found that the South East Asian
population is at the highest prevalence
(25.0%) compared with other populations.

Furthermore, more than 90% of cases of
gestational diabetes are estimated to
occur in low- to middle-income countries.®

GDM is diagnosed during antenatal
screening, rather than through reported
symptoms® The American Diabetes
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Association (ADA) and the American
College of Obstetricians and Gynecologists
(ACOG) suggested that all pregnant
women should be tested for GDM
between the 24" and 28" weeks of
gestation, and those with any risk factors
should get earlier screening.” Nevertheless,
late screening for GDM after the 24%
gestational week has been questioned
due to the possible delay in receiving the
optimal effects of drug therapy, exercise,
and diet to prevent maternal and neonatal
complications.® This issue leads to the
global urge of finding potential early
predictors to establish early prediction on
GDM which aims to prevent obstetric and
neonatal complications. Furthermore, this
approach may help avoid a prolonged
hospital stay, especially in the current
COVID-19 pandemic.®®®

Glycated hemoglobin (HbAIc) is a result of
glucose attachment to the N- terminal
valine of the hemoglobin B-chain. HbAlc
level is linked to the glucose level in the
blood and also the erythrocyte lifetime."
HbAIC itself has been known as a predictor
and a diagnostic test for type 2 diabetes.
However, this test has not been widely
studied in GDM and no cutoff point has
been defined for HbAIC in GDM.*

Recently, accumulating evidence has
shown that glycated hemoglobin (HbAIc)
level is a potential predictor of gestational
diabetes mellitus in the early stage of
pregnancy. However, the authors still
wonder about the exact potency and
association of HbAIC level as a predictor of
GDM, and whether or not it can be
integrated into current guidelines, as there
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are no systematic reviews or meta-
analyses regarding the topic so far.
Therefore, we decided to conduct a
systematic review and meta-analysis to
conclude the potential use of HbAIc as a
GDM predictor. We aim to prove the
potency of first-trimester HbAlc level as a
novel predictor of GDM, thus it can be
integrated as part of antenatal care in the
first trimester of pregnancy to reduce the
GDM  complications prevalence and
promote a healthy pregnancy

Materials and Methods

This systematic review was conducted
based on the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses
(PRISMA) checklist, which can be accessed
through

http://www.prisma- statement.org/

Search strategy

A systematic review and meta-analysis of
cohort studies were conducted among
the global population focusing on the
correlation between Hemoglobin AIC
levels and acquired gestational diabetes as
its outcome. The initial literature search
was performed by three independent
reviewers with  multiple electronic
databases including PubMed, Scopus, and
EBSCOhost, up to 28 October 2020. The
keywords used in the search were
"Hemoglobin AIC" OR "HbAlc" OR
“hemoglobin” OR "Alc”, “prediction” OR
“marker” OR “predictor” and “gestational
diabetes”. Where applicable and available,
appropriate advanced search techniques
were applied to narrow the search.
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Search Eligibility Criteria
Search results were assessed for duplicate

removals, which was performed using
EndNote X9 software. Moreover, studies
were screened according to the following
inclusion and exclusion criteria. Our
inclusion criteria were

1. Cohort studies,

2. Pregnant women among the
general population as the
intervention subject;

3. Assess HDbAIc level in the first
trimester, and

4. Assess odds ratio towards
gestational diabetes mellitus (GDM)
prediction as the study outcome.

Exclusion criteria:

p—

Assess outcome at postpartum;

2. Not assess GDM outcomes,

3. Studies that did not have a full-text
version, and

4. studies written in languages other

than English. Furthermore,

screening of titles and abstracts of

studies was carried out according

to criteria of accessibility by three

independent reviewers. Any

disagreements were discussed into

consensus. The planned procedure

isillustrated in Figure 1.

Quality Assessment
All included studies were assessed using

the Newcastle-Ottawa Scale designed for
Cohort Studies (NOS-Ottawa) which were
then converted into the Agency of
Healthcare Research Quality (AHRQ)
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standard into good, fair, or poor quality,
which is shown in Table 2.

The quality assessment was done by three
reviewers, with each other blinded on
others’ scoring, then discussed until
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Analysis

further in a table. Data were extracted
from the included studies based on the
following aspects: author and year of
publication, study location, study design,
participants, study period, and outcomes

stated in HbAIc cut-off value with its
consensus was reached.
5 PubMed Scopus EBSCOhost
'ﬁ n=>598 n=23591 n=277
&
t
]
=
Records after duplicates removed
{n =788)
i Screening: Gestational DM
E 3 Prediction Studies
E ¥
8 Records screened
Inclusion criteria: Cohort (n=358) ; 6
studies, general population, Exclusion criteria:
assess HbALc in the first - » posiparitim.ouscore;
trimester. assess OR/RR cutcome not GDM, full text
towards GDM prediction. L in other languages
Full-text articles assessed
g for eligibility Full-text articles excluded,
;E (n=25) with reasons
L [ {n=232)
w ; >
s 3 Case-control studies
Studies included in o 1 Qualitative study
gualitative synthesis ¢ 3 studies with non-
n=7) glycosylated
hemoglobin outcomes
e  5studies with beta
'g v score outcomes
'g Y ) ¢ 6 studies with outcome
TE Stud.les llncluded |n_ other than GDM
- quantitative synthesis s 4 studies in Chinese and
(meta-analysis) Korean
(n=7)

Figure 1 Literature search strategy

Summary measures and data analysis
Evidence-based analysis was conducted in

this systematic review and meta-analysis.
Outcome assessment was done by three
reviewers independently, then discussed

respective odds ratio and p-value. The
results of the study were stated as not
correlated and correlated using the odds
ratio (p<0.05).
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Odds ratio (OR) with a 95% confidence
interval and p-value below 0.05 was used
to determine the association between
high glycated hemoglobin (HbAlc) serum
level at first trimester and incident
prediction in gestational diabetes patients.
Factors were put as study code, log of odds
ratio, and standard of error which will be
calculated for study weight, fixed odds
ratio, and its 95% confidence interval (Cl)
which will be presented in a forest plot.
Studies were also assessed using
Cochrane’s chi-squared test and the
Higgins I-squared statistical test in terms
of heterogeneity of the included studies. If
the p-value of the chi-squared test results
is <0.05 and the I-squared statistic is over
50%, the study will be considered
heterogeneous. Thresholds for the
interpretation of I-squared referred to
Cochrane Handbook for Systematic
Reviews of Interventions is as follows: 0% to
40% considered as not important; 30% to
60% represent moderate heterogeneity;
50% to 90% represent substantial
heterogeneity; 75% to 100% considered as
strong heterogeneity.™ All forms of
statistical tests of this study including
heterogeneity were carried out using
Review Manager (RevMan) v5.3.

Furthermore, sensitivity analysis was
conducted through Duval and Tweedie's
trimn-and-fill analysis which are specific for
situations where the heterogeneity is too
large. This method was conducted to re-
ensure the pooled effect size after
removing any studies to minimize the
publication bias* However, we did not
conduct further subgroup analysis due to
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similar characteristics of each study
indicated in the study characteristics table
which is shown in Table 1.

Results

Search results and study selection
Comprehensive literature searches from

PubMed, Scopus, and EBSCOhost
databases using the search strategy
mentioned above resulted in a total of
1,466 studies. Among them, 678 were
deduplicated. Moreover, 432  were
excluded after screening the titles and
abstracts in terms of gestational diabetes
mellitus prediction studies. In addition, 327
studies were filtered based on inclusion
and exclusion criteria which resulted in 29
studies being assessed by full-text reading.
Subsequently, 22 studies were further
excluded since 3 were case-control studies,
1 was a qualitative study, 3 were studies
with non-glycated hemoglobin outcomes,
5 studies assessed only beta score as their
outcomes, 6 studies had outcomes other
than GDM, and lastly, 4 were not written in
English. Finally, the search yielded 7
studies, consisting of all cohort studies to
be included in the qualitative and
guantitative synthesis.

Study Characteristics and design
The data extracted and characteristics of

included studies are shown in Table 1
Overall, this review included a total of
13,930 subjects. Study locations varied
across three continents: Asia (n=4) and
America (n=3). The mean age of all
included studies was distributed from 22
to 39 years. All studies enrolled assessed
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Table 1. Characteristics of selected studies
Study Characteristics
Studies, Location Design Participants | Range/Mean Study HbAlc Cut- | Odds P-
year age (year) Period off Value ratio (95% | Value
Cl)
Kansu-Celik | Ankara, Retrospective Jan 2010 - | HbAIc = 4.69 [2.66—
et al, 2019 Turkey cohort 608 3111+633 Jan 2018 5.6% 8.29] <0.001
Pezeshki et . Prospective Apr 2015- | HBAIc 2 9.73 [3.85 -
al, 2019 Zanjan, fran b ort 356 264 % 4.3 Apr2016 | 53% 24.55] 0.001
Punnose et New Delhi, Retrospective Jan 2011 - | HbAlc = 2.6 [1.486-
al, 2019 India cohort 2275 28.57+ 3.76 Dec 2016 5.6% 4.547] <0.001
Normal: 31 +
. . 7.723
Chen et al, Washington, | Retrospective 7020 51 Jul 2011 - | HbAlc 5.7- [5.976- <0.05
2018 USA cohort Prediabetic: Dec 2014 6.4% ’ ’
325£52 10.081]

Kumru et al, | Istanbul, Prospective Jan 2011 - 111 [0.22-
2016 Turkey cohort 333 286146 Jan 2013 NR 5.57] <0.05

Palo Alto . 2194

NS - | HbAIC5.7-
StS;T 38?20“ California, Esﬁroorstpe‘:t“’e 2812 342+ 43 J[;aenczzcgiz o o ¢ [1.572- <0.001
' USA e 3.064]

Long
Fong et al, Beach, Retrospective Jan 2011 - | HbAIc 5.7- 2.38 [1.01-
2014 California, cohort =26 288164 Jan 2013 | 6.4% 5.63] 0.048

USA
NR = Not Reported
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Table 2. Quality assessment of selected studies.'?

Selection Comparability Outcome
Studies, year AHRQ Standard
1 2 3 4 1 1 2 3
Kansu-Celik et al, 2019 a*) | a® | a(® | a(™® b(*) al*) | a(® b(*) Good
Pezeshki et al, 2019 a*) | a® | a(™ | a(® b(*) al*) | a(® b(*) Good
Punnose et al, 2019 a*) | a® | a(™ | a(® b(*) b(*) | a(® a(®) Good
Chen et al, 2018 a*) | a® | a(™ | a(® b(*) al*) | a(® d Good
Kumru et al, 2016 a*) | a® | a(® | a(® b(*) al*) | a(® a(®) Good
Osmundson et al, 2016 a® [ a(® | a*) | b(* b(*) a® | a(® a(®) Good
Fong et al, 2014 a*) | a® | a(® | b(® d al*) | a(® a(®) Good

Assessment form and complete version of AHRQ grading calculation are located in appendix 1.

2Study is considered:

e Good: 3 or 4 stars in selection domain AND 1 star in comparability domain AND 2 or 3 stars in outcome domain.
e Fair: 2 stars in selection domain AND 1 star in comparability domain AND 2 or 3 stars in outcome domain.
e Poor: 0 or1starsin selection domain AND O star in comparability domain AND O or 1stars in outcome domain.

0 Stars are given for each of the study aspects.
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and reported HbAlc cut-off value at the
first trimester which was involved in GDM
prediction, except Kumru et al which did
not report HbAlc cut-off value at the first
trimester.”

Quantitative Analysis of High HbAlc Level
and GDM Prediction
Our meta-analysis resulted that high

glycated hemoglobin (HbAlc) serum level
in the first trimester was significantly
associated with gestational diabetes
mellitus incident as it is a predictive factor
and met minimum requirements for
meta-analysis according to the Cochrane
Handbook, although our study consists of
studies with considerable heterogeneity.”®
This meta-analysis has also shown the
cumulative fixed-odds ratio of each study
after calculating its weight and presented
the final odd ratio of analysis with all
respective study weights. According to this
meta-analysis, high glycated hemoglobin
(HbAlc) serum level increases the chance
of having gestational diabetes mellitus by
436 (3.66-5.20) times. The forest plot is
presented in Figure 2. Nevertheless, the p-
value for the overall effect test (z=16.41) is p
<0.00001 which shows a significant
association between the two factors.

Heterogeneity and sensitivity analysis
Pooled included studies showed that the

p-value of the chi-square test was <
0.00001 and the l-square test was 87%.
Those are indicative of significant
heterogeneity studies. According to the
Cochrane Handbook, the included studies
in this meta-analysis are considered as
substantial heterogeneity. Furthermore,
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sensitivity analysis using Duval and
Tweedie's trim-and-fill analysis revealed
that one study is an outlier study. After the
removal of Chen et al study on sensitivity
analysis, the outcome was OR= 2.81 (2.22-
3.55), P<0.00000T1; 1?=63%." This event could
be due to larger samples used in this study
compared to other included studies and
due to \variability in the diagnostic
measurement criteria since this study was
part of a larger research project evaluating
clinical outcomes associated with the new
GDM Guideline, IADPSG's guideline.

Publication Bias
Critical appraisal was conducted using the

Newcastle-Ottawa Scale for cohort study
criteria which transformed into the AHRQ
criteria. Detailed critical appraisal was
giveninthe appendixin the last part of this
paper. From our systematic review and
meta-analysis, all included studies show
good quality studies based on AHRQ
standard, which indicated that this review
included a low risk of bias studies.
However, according to the Cochrane
Handbook, heterogeneity examination
using funnel plot demands at least 10
studies to present sufficient power for
studies heterogeneity.' Therefore, funnel
plot analysis assessing publication is not
performed in this study. Thus, this study is
still subject to publication bias which is
limited to the number of publications.
However, this study is still currently
applicable as it included all studies
available at the moment, thus making it
applicable in clinical settings.

www.jamsa.amsa-international.org
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Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight I, Fixed, 95% Cl Year I, Fixed, 95% CI
Fong, 2014 08671 04373 42%  2.38[01.01,5861] 2014
Kumru, 2016 01044 08258 12% 111[0.22 560 2016 I
Csmundson, 2016 078587 04701 279% 219[1.57, 3.06] 2016 =
Chen, 2018 20442 0136 436% 7F.72[5.892 1008 2018 i
kansu-Celik, 20149 1.54584 0.28593 96% 4.69[266 827 2019 —_—
Pezeshki, 2019 22782 0473 J6% 9.73[3.85 244849 2019 —_—
Punnose, 20149 09555 0.2854 99% 2.60([1.49 44548) 2019 —_—
Total (95% CI) 100.0% 4.36 [3.66, 5.20] L ]

Heterogeneity: Chi*= 44 86, df= 6 (F = 0.00001); F= 87 %
Testfor overall effect: 2= 16.41 (F = 0.00001)

0m 0.1 10 100

Figure 2 Forest plot presenting the association of HbAIc level in the first trimester of pregnancy and the of

GDM

Discussion

The Development of Gestational Diabetes
Mellitus and The Increasing of HbAlc Level
As gestation occurs, the human body

adapts to prepare for the growth of the
fetus, one of them being metabolic
adaptation. During early gestation, insulin
sensitivity increases to increase glucose
uptake by various tissues to fulfill energy
demands for the entire pregnancy. In the
later gestation, insulin sensitivity
decreases due to influence from various
hormones, such as leptin, cortisol,
estrogen, progesterone, placental
lactogen, and placental growth hormone.
This mild degree of resistance will also
increase glucose production by the liver
and the breakdown of fat stores in the
tissues, further increasing the blood
glucose level and free fatty acids
concentration.® However, the increased
degree of insulin resistance or impaired
compensatory pancreatic B-cells
hyperplasia can result in gestational
diabetes mellitus.®” The dysfunction of
pancreatic B-cells causes the impaired
response of increasing blood glucose level.
A prolonged increase in blood glucose
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level will decrease tissue insulin sensitivity
to divert excess energy uptake to other
tissues.?o%

In GDM, the insulin-induced glucose
uptake decreased by 54% compared to
normal pregnancy.”?  Once B-cells
dysfunction occurs, the vicious cycle of it,
hyperglycemia, insulin resistance, and
further B-cells dysfunction is established.
Progression of GDM involves many insulin
signaling pathways and involves many
organs throughout the body, such as the
neurohormonal system, adipose tissue,
liver, skeletal muscle, placenta, and gut.”®

Glycated hemoglobin (HbAlc) is a
hemoglobin that has glucose attached to
the N-terminal valine of its B-chain. It can
reliably reflect the blood glucose level for
the preceding 8-12 weeks as the lifespan of
erythrocytes is within that range."*
Measuring the HbAIc level within the first
trimester of pregnancy can provide the
estimation of maternal glycemic condition
before pregnancy or in early pregnancy as
the insulin sensitivity in that period should
be higher. The HbAIc level is expected to
drop by at least 0.5% as a result of higher
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insulin sensitivity and shorter lifespan of
erythrocytes during pregnancy.?* High
HbAlc level in the first trimester may
indicate preconception dysfunction in
maternal glycemic control which may
result from a poor dietary pattern. This
supports the study by Zhang that
improvement in glycemic function before
pregnancy decreases the risk of
developing GDM.»

The Utility of HbAlc Level Screening
The HbAIlc cut-off value of GDM is 26,5%.

However, some of the included studies use
the prediabetic cut-off, 57-6,4%, to
discriminate the GDM group from the non-
GDM group. Our review proved that a high
HbAIlc level is a statistically significant risk
factor for the development of GDM. HbAlc
level can also predict the occurrence
complication. A study by Osmundson
stated that high HbAIc level is associated
with the increased risk of excessive
gestational weight gain, cesarean delivery,
and large for gestational age, although
was statistically significant only for the
weight gain.?® Study by Mané stated that
HbAlc > 5.9% is a statistically significant risk
factor of macrosomia [OR=3114; 95% ClI
1.127- 8.063; p=0.028] and preeclampsia
[OR=3.539; 95% CI 1.086-11.532; p=0.036].”"
Macrosomia results from the increase in
glucose, fatty acids, and amino acids
through the placenta due to GDM,
stimulating the production of insulin and
IGF-1. Macrosomia is also a risk factor of
shoulder dystocia which will obstruct the
labor process.”®lt is believed that GDM and
preeclampsia result from pregnancy
maladaptation, such as endothelial
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dysfunction, angiogenic imbalance, which
result from high anti-angiogenic factors
such as sFlt-1 and sEng and low pro-
angiogenic factors such as PGF, oxidative
stress, and dyslipidemia. Studies have
proven that patients with GDM have low
pro-angiogenic factors and high anti-
angiogenic factors?® Women with a
previous history of GDM have a higher risk
of developing type 2 diabetes mellitus
(T2DM) later in life. The altered vasculature
in women with GDM history also
predisposes them to cardiovascular
disease. As soon as being delivered,
neonates born from mothers with GDM
are at risk of hypoglycemia as a result of
fetal hyperinsulinemia. Children born from
mothers with GDM also have a higher risk
of childhood insulin resistance, which may
result in obesity, T2DM, and cardiovascular
disease.”®

The use of HbAIc level as a risk factor
screening is recommended as itisa simple
and quick test; therefore. prolonged
hospital stay is not required. Risk factor
screening during early pregnancy,
including risk for GDM, is heavily required,
especially in low-income countries, where
the access to adequate antenatal care is
still limited, and in the current COVID-19
pandemic era, when the hospital visit
should be limited. Early detection of risk
factors of pregnancy complications can
lead to a healthier maternal lifestyle and
healthy pregnancy
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Strength and Limitations
Our review has several strengths and

limitations. To our knowledge, this is the
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Figure 3 Organs involved in the pathophysiology of gestational diabetes

first systematic review and meta-analysis
to assess the HDbAIc level in the first
trimester as a risk factor of gestational
diabetes mellitus. Our meta-analysis also
yielded a significant pooled odds ratio and
was statistically significant, proving the
significance of its correlation with the
development of GDM. All of the studies
included in this review are cohort studies,
which is the main type of studies in
assessing risk factors. The main limitation
of our study was the high heterogeneity
from the meta-analysis. This may be
caused by the variation of the cutoff value
of the HbAlc used and other variables such
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studies since the study about this topic is
still scarce. The publication bias analysis
using a funnel plot cannot be made
because of the limited number of studies.
Furthermore, this review also included
only studies written in English.

Conclusion and Recommendation

In conclusion, this systematic review and
meta-analysis have proven the potency of
HbAIc level in the first trimester as a novel
predictor of gestational diabetes mellitus
in pregnant patients. Thus, it is necessary
to integrate the use of HbAIc level
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screening as part of antenatal care in the
first trimester of pregnancy, especially in
Southeast Asian countries (e.g., in
Indonesia), due to the high prevalence;
however, further research should be done.
Early detection of GDM risk factors using
HbAlc level in the first trimester could
increase glycemic control during
pregnancy, thus decreasing the
prevalence of pregnancy complications
due to GDM and having a healthy
pregnancy. We also encourage women of
reproductive age to maintain their
glycemic function to prepare for healthy
pregnancies by consuming a healthy diet
and maintaining an active lifestyle.
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Appendix 1: Newcastle-Ottawa scale

Newcastle-Ottawa Quality Assessment Form for Cohort
Studies

Note: A study can be given a maximum of one star for each nhumbered item within the
Selection and Outcome categories. A maximum of two stars can be given for Comparability.

Selection

1. Representativeness of the exposed cohort
a. Truly representative (one star)
b. Somewhat representative (one star)
c. Selected group
d. No description of the derivation of the cohort
2. Selection of the non-exposed cohort
a. Drawn from the same community as the exposed cohort (one star)
b. Drawn from a different source
c. No description of the derivation of the non-exposed cohort
3. Ascertainment of exposure
a. Secure record (e.g., surgical record) (one star)
b. Structured interview (one star)
c. Written self-report
d. No description
e. Other
4. Demonstration that outcome of interest was not present at start of study
a. Yes (one star)
b. No

Comparability

1. Comparability of cohorts on the basis of the design or analysis controlled for

confounders
a. The study controls for age, sex and marital status (one star)
b. Study controls for other factors (list) (one star)

c. Cohorts are not comparable on the basis of the design or analysis controlled
for confounders
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Outcome

1. Assessment of outcome
a. Independent blind assessment (one star)
b. Record linkage (one star)
c. Self-report
d. No description
e. Other
2. Was follow-up long enough for outcomes to occur
a. Yes (one star)
b. No

Indicate the median duration of follow-up and a brief rationale for the assessment above:_

3. Adequacy of follow-up of cohorts
a. Complete follow up- all subject accounted for (one star)

b. Subjects lost to follow up unlikely to introduce bias- number lost less than or
equal to 20% or description of those lost suggested no different from those
followed. (one star)

c. Follow up rate less than 80% and no description of those lost

No statement

Thresholds for converting the Newcastle-Ottawa scales to AHRQ standards (good, fair, and
0o0r):

e Good quality: 3 or 4 stars in selection domain AND 1or 2 stars in
comparability domain AND 2 or 3 stars in outcome/exposure domain

e Fair quality: 2 stars in selection domain AND 1 or 2 stars in comparability
domain AND 2 or 3 stars in outcome/exposure domain

e Poor quality: O or 1star in selection domain OR O stars in comparability
domain OR O or 1stars in outcome/exposure domain
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