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Aim: Laboratory test (lab) results may be useful to detect incident diabetes in electronic 
health record and claims-based studies. Research design & methods: Using the Mini-
Sentinel distributed database, we assessed the value of lab results added to diagnosis 
codes and dispensing claims to identify incident diabetes. Results: Inclusion of lab 
results increased the number of diabetes outcomes identified by 21%. In settings 
where capture of lab results was relatively complete, the absence of lab results was 
associated with implausibly low rates of the outcome. Conclusion: Lab results can 
increase sensitivity of algorithms for detecting diabetes, and missing lab results are 
associated with much lower rates of diabetes ascertainment regardless of algorithm. 
Patterns of missing lab results may identify ascertainment bias.
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Incident Type 2 diabetes mellitus (T2DM) 
defined in part with elevated hemoglobin A1c 
(HbA1c), serum glucose or capillary glucose 
(diabetes laboratory). Results from these tests 
are necessary to make the clinical diagnosis, 
and are often the first and only evidence of 
asymptomatic disease  [1]. As laboratory test 
(lab) results become more widely available in 
the large databases used to evaluate the real-
world benefits and risks of medications, the use 
of those lab results will presumably increase the 
sensitivity of computable phenotypes for diabe-
tes [2]. But it is unclear whether this translates 
into real advantages in terms of ascertaining 
more outcomes, more accurately and sooner.

Against the theoretical advantages of using 
lab results are also theoretical pitfalls, particu-
larly missing data. Two common patterns of 
missingness are routinely encountered. First, a 
lab test may be performed but its results may 
not be captured by a claims or electronic health 
record (EHR)-based data source. In this case, 
there may be evidence from a procedure claim 
that a lab was performed but no associated 

result, or there may be no direct evidence at 
all that the lab test was done. Because this 
missingness results from the way that data are 
recorded and handled within a health system, 
we term it ‘organization-level missingness’.

A second type of missingness, with more 
complex properties, may occur if providers 
only choose to order a test in certain patients. 
For example, providers may be more likely to 
order an HbA1c in patients who have diabe-
tes risk factors. This kind of missingness has a 
high probability of occurring not at random. 
It should not be unique to lab results, because 
providers might also be less likely to record 
a diagnosis or prescribe a treatment in some 
patients than in others. However, it may be 
easier to identify this type of missingness in 
lab data because, in databases with good cap-
ture of all lab results, it is clear when a lab 
was completed more often for some patient 
groups than for others. We term this type of 
missingness ‘patient-level missingness’.

We undertook a cohort study in the 
Mini-Sentinel distributed database (MSDD) 
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to assess the potential impact of using lab results, 
added to diagnosis codes and medication records, to 
identify incident T2DM, and to assess whether miss-
ing lab results limited their usefulness. The cohort 
study, which was intended as a test case to examine 
methodological rather than clinical issues, identified 
adult new initiators of second-generation antipsychot-
ics (SGAs). SGAs are known to increase the risk of 
T2DM  [3–7]; the risk is lower with aripiprazole than 
with the other commonly used SGAs (olanzapine, 
quetiapine and risperidone).

Research design & methods
We used the MSDD to compare rates of incident dia-
betes in new users of different SGAs, defined with and 
without the use of lab results. This study was a test case 
to assess the effect of the use of lab results on estimated 
incident diabetes rates and relative risk estimates, as 
well as the potential effect of missing lab results on 
these findings. Missing lab results was defined as the 
absence of any glucose of HbA1c result values avail-
able in the MSDD during the baseline period (baseline 
labs) or during the follow-up period (follow-up labs).

Data source
The MSDD, developed under the US FDA’s 
Mini-Sentinel program, is an increasingly important 
tool for active surveillance of medical product safety. 
Participating data partners (institutions that collect 
healthcare data and can contribute it to the MSDD – in 
other words, large national insurers, and organizations 
that incorporate both insurance and healthcare func-
tions) transform data derived from claims records as 
well as EHRs into a common data model (a standard-
ized list of variables and definitions that enables data 
from different data partners to be directly compared 
and analyzed).

On an individual patient level, the date at which 
patients begin and end enrollment with a data partner 
is routinely captured. In addition to standard demo-
graphic fields, diagnosis codes and prescription claim 
records, this data model includes a lab results table, 
which is populated to the extent possible depending 
on the amount of lab data captured by each data part-
ner. Data are held at each data partner, and queries 
can be distributed to each partner, run at that site and 
the results later combined, a process that maintains 
local control of data, maximizing data security and 
confidentiality [8].

MSDD has 19 data partners, not all of whom con-
tribute results to the lab results table. For this test-case, 
three data partners were chosen to contribute data. 
These were a small integrated delivery system (site one), 
a larger integrated delivery system (site two) and a large 

national insurer (site three). sites one and two capture 
outpatient lab results for 90–100% of their members. 
The third (site three) was a commercial insurer that 
captured outpatient lab results only from certain ven-
dors; this arrangement typically resulted in capture of 
lab results for 15–30% of patients. The low rate of avail-
able lab results data for this site reflects that, apart from 
specific arrangements with a nonrandom minority of 
vendors, large national health insurers do not routinely 
have lab results data available to them. The mix of sites 
one, two and three was chosen to provide examples of 
different types of data partners, which are potentially 
very diverse in terms of both how they capture data as 
well as patient and provider characteristics [9].

Point of care testing is generally not captured at 
any data partner, and most data partners have low or 
nonexistent capture rates from inpatient or emergency 
department encounters.

The director of the Department of Health and 
Human Services Office for human research protec-
tions has determined the common rule does not apply 
to activities conducted as part of the Sentinel initiative. 
Mini-Sentinel activities are public health surveillance 
activities not under the purview of institutional review 
boards [10]. Health Insurance Portability and Account-
ability Act regulations for public health surveillance do 
apply. Personally identifiable health information is not 
transmitted to the Mini-Sentinel Operations Center or 
to the FDA [11].

Patients
The cohort identified consisted of adult new users of 
SGAs, defined as individuals >21 years of age who had 
a minimum 183 days of health plan enrollment with 
insurance coverage prior to a first dispensing of an 
SGA between 1 January 2008 and 31 October 2012. 
Patients were classified into one of four mutually exclu-
sive exposure groups depending on the specific SGA 
dispensed: aripiprazole, olanzapine, quetiapine and 
risperidone. Rates of use of other SGAs were extremely 
low, so they were not included. Individuals with evi-
dence of diabetes were excluded; exclusion criteria were 
any dispensing of an antidiabetic medication, coded 
diabetes diagnosis or elevated diabetes lab during the 
baseline period. Patients with baseline pregnancy or 
polycystic ovarian syndrome were also excluded.

Follow-up & outcomes
Follow-up continued until 365 days after the first dis-
pensing of an SGA, discontinuation of insurance cov-
erage, death, end of study period or occurrence of an 
outcome. The outcome of incident T2DM was defined 
in two different ways. The outcome determined with-
out use of labs (O

1
) occurred if there was any single 
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Table 1. Characteristics of study cohort.

Variable Data partner site

  Site one (n = 3764) Site two (n = 30,637) Site three (n = 47,384) All sites (n = 81,785)

Any baseline diabetes lab, n (%); 
yes:

2154 (57.2) 17,973 (58.7) 12,990 (27.4) 33,117 (40.5)

– Baseline HbA1c 105 (2.8) 2170 (7.1) 1716 (3.6) 3991 (4.9)

– Baseline fasting glucose 622 (16.5) 6738 (22.0) 151 (0.3) 7511 (9.2)

– Baseline random glucose 1790 (47.6) 13,575 (44.3) 12,745 (26.9) 28,110 (34.4)

Any follow-up diabetes lab: 2567 (68.2) 20,268 (66.2) 15,123 (31.9) 37,958 (46.4)

– Any follow-up HbA1c 231 (6.1) 3627 (11.8) 3,177 (6.7) 7035 (8.6)

– Any follow-up fasting glucose 1196 (31.8) 10,991 (35.9) 370 (0.8) 12,557 (15.4)

– Any follow-up random glucose 1972 (52.4) 13,229 (43.2) 14,689 (31.0) 29,890 (36.5)

Gender, n (%); female 2402 (63.8) 19,103 (62.4) 29,416 (62.1) 50,921 (62.3)

Age at cohort entry, mean (SD); 
years

55.4 (21.1) 54.9 (21.1) 64.2 (19.0) 60.3 (20.4)

Year of cohort entry, n (%):

– 2008 467 (12.4) 4290 (14.0) 5858 (12.4) 10,615 (13.0)

– 2009 862 (22.9) 7128 (23.3) 11,173 (23.6) 19,163 (23.4)

– 2010 852 (22.6) 6851 (22.4) 10,572 (22.3) 18,275 (22.3)

– 2011 885 (23.5) 6622 (21.6) 10,172 (21.5) 17,679 (21.6)

– 2012 698 (18.5) 5746 (18.8) 9609 (20.3) 16,053 (19.6)

Hispanic, n (%) 300 (8.0) 3542 (11.6) 836 (1.8) 4678 (5.7)

Race, n (%):

– White 2807 (74.6) 22,986 (75.0) 32,676 (69.0) 58,469 (71.5)

– African–American 139 (3.7) 2605 (8.5) 3369 (7.1) 6113 (7.5)

– Other 83 (2.2) 2393 (7.8) 546 (1.2) 3022 (3.7)

– Unknown 735 (19.5) 2653 (8.7) 10,793 (22.8) 14,181 (17.3)

Individual comorbidities, n (%); 
yes:

– Alcohol abuse 435 (11.6) 3391 (11.1) 2687 (5.7) 6513 (8.0)

– Anemia 312 (8.3) 3023 (9.9) 8741 (18.4) 12,076 (14.8)

– Cardiac arrhythmia 384 (10.2) 3004 (9.8) 7703 (16.3) 11,091 (13.6)

– Heart failure, chronic 251 (6.7) 1802 (5.9) 6230 (13.1) 8283 (10.1)

– Dementia 534 (14.2) 2872 (9.4) 11463 (24.2) 14,869 (18.2)

– Fluid/electrolyte disorder 566 (15.0) 3224 (10.5) 8423 (17.8) 12,213 (14.9)

– Hypertension 1146 (30.4) 10,285 (33.6) 25,378 (53.6) 36,809 (45.0)

– Liver disease 96 (2.6) 846 (2.8) 1162 (2.5) 2104 (2.6)

– Psychosis 2769 (73.6) 19,857 (64.8) 23,165 (48.9) 45,791 (56.0)

– Pulmonary disease 576 (15.3) 4635 (15.1) 9919 (20.9) 15,130 (18.5)

– PVD 167 (4.4) 1683 (5.5) 5700 (12.0) 7550 (9.2)

– Renal 338 (9.0) 2271 (7.4) 4758 (10.0) 7367 (9.0)

– Tumor 178 (4.7) 1634 (5.3) 3706 (7.8) 5518 (6.7)

– Depression 2264 (60.1) 17,482 (57.1) 24,111 (50.9) 43,857 (53.6)

Lab: Laboratory test; PVD: Peripheral vascular disease; SD: Standard deviation.
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inpatient or outpatient diabetes diagnosis code or 
antidiabetic medication dispensing during follow-up. 
The outcome determined with labs (O

2
) included any 

patient who met criteria for O
1
 or who had at least one 

captured lab result compatible with diabetes (fasting 
glucose ≥126 mg/dl, random glucose ≥200 mg/dl or 
HbA1c ≥6.5v%) during the follow-up period. Com-
pared with formal diagnostic criteria for diabetes [1], 
this outcome definition is simplified to avoid the use 
of information not consistently captured in the Mini-
Sentinel data (such as oral glucose tolerance tests and 
symptoms) and to maximize sensitivity, as would be 
used in a drug surveillance project.

Analysis
Incident diabetes outcome rates based solely on diag-
nosis codes for diabetes mellitus and records of dis-
pensing of drugs used to treat diabetes mellitus (O

1
) 

were compared with incident diabetes outcome rates 
that included lab results in addition to diagnosis 
codes for diabetes mellitus and records of dispens-
ing of drugs to treat diabetes mellitus (O

2
). The pri-

mary comparison was between overall incidence rates 
with and without lab results, although time to event 
was also assessed. Baseline lab results refers to mea-
sured glucose or HbA1c prior to SGA exposure. By 
definition, for a patient to be eligible for cohort entry, 
baseline lab results were required to be in the nor-

mal range. This is distinct from the lab results used 
for outcome assessment. Outcome lab results had to 
be obtained during the follow-up period after SGA 
exposure started.

Predictors of missing lab results were assessed in 
univariable and multivariable analyses. Multivari-
able analysis used logistic regression in which pres-
ence or absence of follow-up lab results was a binary 
dependent variable. Patient demographics, comorbidi-
ties present in the 183 days prior to SGA initiation, 
presence or absence of baseline lab results and year of 
study entry were variables included in multivariable 
analysis.

Analyses were initially conducted across all three 
sites with site as a variable; however, due to large dif-
ferences in missing lab results by site, further analyses 
were conducted stratified by site. O

1
 and O

2
 were also 

compared in patients within each site with and without 
missing data.

Cox proportional hazard models were used to com-
pare rates of outcome (incident diabetes) across the 
four SGA exposure groups, with aripiprazole as the ref-
erence category. Models were adjusted for prespecified 
covariates (patient demographics, comorbidities and 
year of study entry). This analysis was done for com-
bined sites, stratified by site, with the outcome defined 
using O

1
 and O

2
, and after restriction to patients with 

baseline lab results available.

Table 2. Outcome rates per person–year (95% CI) by site and by whether patients had lab results 
available during follow-up.

Setting  Incidence rate (defined using 
diagnosis and medication claims 
but not using labs)

Incidence rate (defined using 
diagnosis and medication claims, 
and lab results)

Site one:

– Total (n = 3764) 0.024 (0.019–0.029) 0.038 (0.032–0.045)

– With follow-up labs (n = 2567) 0.033 (0.027–0.041) 0.055 (0.046–0.065)

– Without follow-up labs 
(n = 1197)

0.004 (0.002–0.01) 0.004 (0.002–0.01)

Site two:

– Total (n = 30,637) 0.018 (0.016–0.019) 0.039 (0.037–0.041)

– With follow-up labs (n = 20,268) 0.025 (0.023–0.028) 0.058 (0.055–0.061)

– Without follow-up labs 
(n = 10,369)

0.003 (0.002–0.004) 0.003 (0.002–0.004)

Site three:

– Total (n = 47,384) 0.078 (0.076–0.081) 0.082 (0.079–0.084)

– With follow-up labs (n = 15,123) 0.119 (0.113–0.124) 0.13 (0.124–0.136)

– Without follow-up labs 
(n = 32,261)

0.06 (0.057–0.062) 0.06 (0.057–0.062)

All differences in incidence rates with and without labs are significant at all three sites (p < 0.001).
Lab: Laboratory test.
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Table 3. Selected predictors of missing data, adjusted for all variables shown as well as for 
additional variables not shown

Characteristic Associations with missing follow-up lab results: adjusted odds ratios 
(95% CI); data partner site

  All sites combined Site one Site two Site three 

Number 81,785 3764 30,637 47,384

SGA, aripiprazole reference:

– Olanzapine 0.93 (0.87–0.98) 0.72 (0.50–1.04) 0.78 (0.71–0.87) 1.02 (0.94, 1.11)

– Quetiapine 0.87 (0.84–0.91) 0.84 (0.66–1.07) 0.95 (0.88–1.02) 0.96 (0.90–1.02)

– Risperidone 0.91 (0.86–0.95) 0.69 (0.55–0.88) 0.78 (0.72–0.85) 0.97 (0.91–1.04)

Sex: male vs female 1.08 (1.04–1.11) 1.08 (0.93–1.26) 0.99 (0.94–1.04) 1.09 (1.04–1.14)

Age (per 10 years) 0.99 (0.98–1.00) 0.81 (0.77–0.85) 0.84 (0.83–0.86) 1.05 (1.03–1.07)

Any baseline diabetes lab 0.29 (0.28–0.29) 0.93 (0.79–1.09) 1.07 (1.01–1.13) 0.19 (0.18–0.20)

Year of cohort entry–2008 
reference:

– 2009 0.94 (0.89–0.99) 0.96 (0.75–1.23) 0.95 (0.88–1.03) 0.85 (0.79–0.92)

– 2010 0.91 (0.86–0.96) 0.89 (0.69–1.15) 0.96 (0.88–1.04) 0.82 (0.76–0.88)

– 2011 0.83 (0.79–0.88) 0.77 (0.60–1.00) 0.95 (0.87–1.03) 0.68 (0.63–0.74)

– 2012 0.87 (0.83–0.92) 1.01 (0.78–1.31) 0.99 (0.91–1.08) 0.69 (0.64–0.75)

Hispanic – no/unknown 
reference

0.44 (0.41–0.47) 0.91 (0.68–1.22) 0.71 (0.65– 0.78) 0.36 (0.30–0.42)

Race – unknown reference:

– African–American 0.52 (0.49–0.56) 0.99 (0.66–1.49) 0.62 (0.54–0.70) 0.65 (0.59–0.72)

– White 0.57 (0.54–0.59) 0.83 (0.68–1.01) 0.67 (0.61–0.74) 0.74 (0.69–0.79)

– Other 0.41 (0.37–0.45) 0.77 (0.47–1.27) 0.59 (0.52–0.67) 0.75 (0.61–0.92)

Alcohol abuse 0.86 (0.82–0.92) 1.00 (0.79–1.27) 0.98 (0.90–1.06) 0.98 (0.89–1.07)

Anemia 1.12 (1.07–1.17) 1.06 (0.77–1.46) 0.91 (0.83–1.01) 1.10 (1.04–1.17)

Cardiac arrhythmia 0.97 (0.92–1.02) 0.83 (0.61–1.12) 0.93 (0.84–1.03) 1.00 (0.94–1.07)

Heart failure – chronic 1.13 (1.06–1.20) 1.13 (0.77–1.67) 1.21 (1.05–1.38) 1.07 (1.00–1.16)

Dementia 1.45 (1.38–1.51) 1.26 (0.97–1.64) 1.08 (0.98–1.19) 1.38 (1.30–1.46)

Fluid/electrolyte disorder 1.05 (1.00–1.11) 0.80 (0.61–1.04) 0.93 (0.84–1.03) 1.08 (1.01–1.16)

Hypertension 1.01 (0.97–1.05) 0.96 (0.78–1.18) 0.85 (0.79–0.91) 0.90 (0.86–0.95)

Liver disease 0.78 (0.71–0.86) 0.74 (0.43–1.27) 0.81 (0.69–0.95) 0.74 (0.65–0.85)

Psychosis 0.75 (0.72–0.77) 0.74 (0.61–0.90) 0.74 (0.70–0.79) 0.86 (0.82–0.90)

Pulmonary disease 1.03 (0.99–1.07) 1.12 (0.90–1.40) 0.98 (0.91–1.06) 0.97 (0.91–1.02)

PVD 1.07 (1.01–1.13) 1.53 (1.02–2.28) 1.05 (0.92–1.20) 0.99 (0.92–1.06)

Renal 0.76 (0.72–0.81) 1.33 (0.98–1.81) 0.97 (0.87–1.09) 0.80 (0.74–0.86)

Tumor 0.95 (0.89–1.02) 0.81 (0.53–1.24) 1.19 (1.05–1.36) 0.87 (0.79–0.94)

Depression 0.94 (0.91–0.98) 1.14 (0.96–1.35) 1.03 (0.97–1.09) 0.91 (0.86–0.95)

Shown: baseline presence of HIV, coagulopathy, hemiplegia, metastatic cancer, pulmonary circulatory disorder, weight loss, acute myocardial 
infarction, ischemic stroke, intracranial hemorrhage, osteoarthritis; as well as baseline number of medication classes used, number of 
ambulatory care visits, number of hospital visits, baseline hospitalization and baseline institutional stay.
Lab: Laboratory test; PVD:Peripheral vascular disease; SGA: Second-generation antipsychotic.

Results
The final cohort included 81,785 individu-
als (Supplementary Figure 1), 48% of whom were 

exposed to quetiapine, 24% to risperidone, 18% 
to aripiprazole and 11% to olanzapine. The aver-
age age was 60.3 years, and 62.3% of the cohort 
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was female. These distributions varied across the three 
sites. Data on race were incomplete at all three sites, 
with 17.3% overall having unknown race, but among 
individuals with race recorded, 71.5% were white and 
7.5% were African–American. At all three sites, the 
most common baseline comorbidities were psycho-
sis (present in 56.0% of patients overall), depression 
(53.6% overall) and hypertension (45.0% overall) 
(Table 1).

During the year following the SGA initiation, 5.1% 
of individuals developed a preliminary incident dia-
betes outcome as defined using diagnosis codes and 
medication only (O

1
). Overall crude incidence rates 

without labs varied from 0.018 to 0.078 per person–
year across the three sites (p < 0.001). 46.4% of the 
cohort had diabetes labs during the follow-up period. 
When labs were also used to detect outcomes (O

2
), 

the incidence rate increased substantially, from 0.038 
to 0.082 per person–year across the sites (p < 0.001; 
Table 2); total overall diabetes incidence was 6.1% 
using (O

2
). Median time to detection of diabetes was 

minimally affected by the inclusion of lab results (data 
not shown).

Rates of available follow-up lab results varied signifi-
cantly across sites, with 31.8% missing at site one, 33.8% 

missing data at site two and 68.1% missing data at site 
three (p < 0.001 for difference between groups). At all 
sites, restriction to patients with available follow-up lab 
results increased the incidence rate whether or not those 
labs were used in outcome ascertainment. At sites one 
and two, the rate of incident outcomes identified by any 
means was negligible in the population who did not have 
follow-up lab results (Table 2).

Predictors of missing data varied across sites. Partic-
ularly at sites one and two, patients were less likely to 
have missing data for SGA exposures other than aripip-
razole. At site three only, presence of baseline labs was a 
strong predictor of not having missing follow-up lab data 
(odds ratio: 0.19; 95% CI: 0.18–0.20). These differences 
persisted after adjustment for demographic factors and 
preselected clinical conditions (Table 3).

When all sites were combined, the hazard ratio for 
incident diabetes was non-significantly greater than 
1 (range: 1.01–1.07, with all 95% CI including 1) for 
olanzapine, quetiapine and risperidone, and did not 
appreciably change between the different outcome 
definitions. Site-specific models yielded different point 
estimates, with wide and overlapping CIs. Due to this 
lower precision, these differences were not significant 
(Table 4).

Table 4. Adjusted hazard ratios for incident Type 2 diabetes.

Second-generation antipsychotic agent
 

Associations with diabetes outcomes: adjusted hazard ratio (95% CI)

Outcome 1: diagnosis code or 
antidiabetic medication dispensing 
(n = 81,785)

Outcome 2: diagnosis code, antidiabetic 
medication dispensing or diabetes labs 
(HbA1c ≥6.5, fasting glucose ≥126, random 
glucose ≥200 (n = 81,785)

All sites, aripiprazole reference 

Olanzapine 1.02 (0.90–1.15) 1.07 (0.96–1.20)

Quetiapine 1.03 (0.94–1.13) 1.04 (0.95–1.13)

Risperidone 1.03 (0.93–1.15) 1.01 (0.92–1.11)

Site-specific, aripiprazole reference 

Site one:

– Olanzapine 0.54 (0.14–2.04) 1.20 (0.46–3.13)

– Quetiapine 0.92 (0.44–1.93) 1.53 (0.80–2.90)

– Risperidone 1.18 (0.57–2.44) 1.43 (0.75–2.73)

Site two:

– Olanzapine 0.79 (0.55–1.12) 1.05 (0.83–1.32)

– Quetiapine 0.90 (0.70–1.15) 0.92 (0.77–1.10)

– Risperidone 0.88 (0.66–1.19) 0.90 (0.73–1.11)

Site three:

– Olanzapine 1.06 (0.93–1.21) 1.06 (0.93–1.21)

– Quetiapine 1.05 (0.95–1.16) 1.06 (0.95–1.17)

– Risperidone 1.05 (0.93–1.17) 1.04 (0.93–1.16)
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Conclusion
This analysis of the FDA’s MSDD highlights two 
major contributions lab results can make to studies of 
diabetes risk. These points likely apply to many other 
asymptomatic medical conditions that are diagnosed 
primarily through laboratory testing (such as hyper-
lipidemia, subclinical liver injury and subclinical 
renal injury). First, the use of lab results substantially 
increases the number of cases identified when results 
are available. From a study design standpoint, the 
substantial increase in outcomes seen with use of lab 
results argues for their value in offering more accurate 
and precise estimates of incidence and risk. However, 
our analysis also reveals that the availability of lab 
test results varies widely across data partners. As has 
been observed across a variety of clinical scenarios, 
the implications of different clinical and demographic 
factors for rates of missingness were also complex and 
variable across sites [9].

Second, patient-level missing lab data can offer 
important insights into potential ascertainment bias. 
This claim is prompted by the finding that hav-
ing missing lab results is associated with far lower 
apparent rates of incident diabetes even when the 
method of diabetes ascertainment does not use labs 
(Table 2). This effect was pronounced even at site 
three, and at the other sites it was so strong that 
diabetes was almost never seen in patients without 
follow-up lab results. There is a plausible explanation 
for this: since diabetes diagnosis relies on lab tests, 
any new diagnosis should have an associated diag-
nostic lab result somewhere. In a system with low 
rates of organization-level missing data, like sites 
one and two, it will be quite unusual for a patient to 
have a new diabetes diagnosis without also having a 
diagnostic lab result.

This association could reflect either symptomatic 
diabetes leading to a lab workup, or screening labs 
revealing asymptomatic diabetes. Both scenarios 
likely occur in any large cohort. However, the para-
digm for diabetes diagnosis is screening for a largely 
asymptomatic disease, supporting the clinical sense 
that in most cases diabetes will be silent and detected 
only if screening labs are performed [1].

When disease detection relies on screening rather 
than evaluation of acute clinical presentations, the 
potential for ascertainment bias is high. For example, 
at sites one and two, adjusted rates of missing lab 
results were higher for aripiprazole and lower for all 
other SGAs. One explanation may be different inten-
sity of monitoring for diabetes, since aripiprazole is 
known to confer less additional risk for diabetes. In 
principle, this kind of differential monitoring could 
become a ‘self-fulfilling prophecy’, if closer scru-

tiny of patients on high-risk drugs results in higher 
diagnosis rates and falsely higher apparent risk  [12]. 
Importantly, omitting lab results from outcome 
ascertainment algorithms would not help, since the 
lab result is a key part of how the clinical diagnosis is 
made. Instead, the missing lab results offer an oppor-
tunity to identify when ascertainment bias might be 
present.

It is less clear how to capitalize on this opportunity, 
although it is clear that lab results should neither be 
ignored nor naively assumed to be negative if missing. 
Unlike for missing data at baseline, where methods 
including multiple-imputation are well-studied and 
recommended, there is not a strong consensus on how 
to handle missing data in follow-up [13]. If the disease 
is truly asymptomatic and detected only on screen-
ing, imputation or complete case analysis may be jus-
tified under the assumption that data are missing at 
random after adjustment for baseline characteristics. 
If some labs are ordered due to disease symptoms or 
risk factors that emerge after baseline, this assump-
tion will be violated. As an initial step, any discrep-
ancy of follow-up lab frequency between exposure 
categories should be noted, and quantitative estimates 
undertaken regarding whether it may account for any 
difference in risk seen.

This observation has limitations. First, it relies on 
low-rates of ‘organization-level’ missingness. If an 
EHR or claims-based data source does not capture 
most labs that are performed, missing data patterns 
will primarily reflect that organization-level missing-
ness and will be less useful as evidence of ascertain-
ment bias. Second, some potentially important patient 
and provider characteristics that can influence missing 
data (e.g.,  patient level of education), are not avail-
able in the MSDD. However, all cohort members had 
insurance, adding similarity from a socioeconomic 
perspective. This work is primarily relevant for largely 
asymptomatic conditions in which lab testing is the 
key diagnostic step. For more occult conditions, such 
as renal impairment, asymptomatic liver injury or 
other subclinical abnormalities in commonly ordered 
labs, the fact that lab results capture the key step in the 
diagnostic process makes them an indispensable tool.
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Executive summary

•	 Laboratory test results are an important component of clinical databases and can be used to help define 
outcomes such as incident diabetes.

•	 The Mini-Sentinel distributed database is a new resource developed by the US FDA for drug safety 
surveillance. It includes laboratory data but with significant levels of missingness.

•	 An observational cohort study comparing rates of possible incident diabetes with different drug exposures 
was performed in Mini-Sentinel. Most cases of diabetes could be detected using just diagnosis codes and 
prescribing records, but when laboratory data were also used the rate of outcomes identified increased 
by 21%.

•	 Numerous baseline variables predicted the likelihood of laboratory testing for diabetes during follow-up, 
including the drug exposure group.

•	 In patients with missing laboratory data during follow-up, rates of incident diabetes were implausibly low, 
despite the fact that prescribing and diagnosis data were also used to identify new cases of diabetes.

•	 A pattern in which rates of a diagnosis are extremely low when laboratory testing is absent would be 
expected in a disease such as diabetes, which is usually asymptomatic and for which laboratory tests are a 
necessary part of the diagnostic process.

•	 If rates of laboratory testing for an asymptomatic disease differ according to the exposure groups, there is a 
high likelihood of ascertainment bias, in which the percentage of true occurrences of the outcome detected 
may differ across exposure groups.

•	 This experience shows that examining the patterns of missingness in laboratory data can provide evidence 
that ascertainment bias may be present, and may enable quantitative approaches to estimating the potential 
strength of such bias.
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