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Abstract
Objective: We updated a recent systematic review and meta-analysis of epidemiologic studies to help clarifying the 
association between exposure to glyphosate and risk of non-Hodgkin lymphoma (NHL). Methods: We conducted an 
updated search of the literature, and identified a total of 15 relevant publications, from which we extracted results 
from six non-overlapping studies. We performed random-effects meta-analyses for ever-exposure to glyphosate, dose-
response, and risk of specific NHL subtypes Results: The meta-RR for ever-exposure to glyphosate was 1.05 (95% 
confidence interval [CI] 0.90-1.24; I2 = 0%). The meta-RR for the highest category of exposure was 1.15 (95% CI 
0.72-1.83; 3 studies). The meta-RR for diffuse large B-cell lymphoma (DLBCL) was 1.29 (95% CI 1.02-1.63; 4 
studies), that for follicular lymphoma was 0.84 (95% CI 0.61-1.17), and that for chronic lymphocytic leukemia/
small lymphocytic lymphoma was 1.33 (95% CI 0.65-2.70). There was indication of publication bias. Conclusions: 
This updated meta-analysis reinforces our previous conclusion of a lack of an association between exposure to glypho-
sate and risk of NHL overall, although an association with DLBCL cannot be ruled out.
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In 2020, we performed a meta-analysis of results 
of epidemiology studies of non-Hodgkin lymphoma 
(NHL) and occupational exposure to glyphosate, an 
herbicide and crop desiccant widely used by profes-
sional applicators and consumers (1). That study 
provided evidence of lack of an association between 
glyphosate exposure and risk of NHL overall, but left 
open a few questions, including a possible association 
with diffuse large B-cell lymphoma (DLBCL), a small 
increase in risk for high exposure, and a possible role 
of publication bias. Since our results were criticized 
by Rana et al. (2020) (2) we decided to clarify some 
aspects and to conduct an updated meta-analysis.

Rana et al. (2020) (2) discussed the reproducibility 
of our results, the selection of studies and the choice 

of focusing on the contrast between ever and never 
exposed to glyphosate. The latter choice was justified 
by the heterogeneity of exposure measures (i.e. dura-
tion, cumulative-exposure, semi-quantitative assess-
ment of exposure etc.) used in the different studies, 
which prevented us from performing a meta-regres-
sion, although we reviewed the results for different 
exposure groups reported in some of the studies. In 
addition, if an effect of high-dose exposure were pre-
sent, we would expect to observe a weaker association 
for ever-exposure.

With respect to results on diffuse large B-cell 
lymphoma (DLBCL), we reported the relevant 
results, but we did not emphasize their interpreta-
tion because they concerned a subgroup not selected 
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a-priori and would not remain statistically signifi-
cant after adjustment for multiple comparisons.

To fully address the criticisms of Rana et al. 
(2020) (2), we extended to December 2020 the lit-
erature search and performed a new meta-analysis 
of results on ever-exposure to glyphosate based on 
random-effects models (3) to obtain summary RR 
and its 95% confidence intervals (CIs), using the 
methodology described in our previous report (1), 
with the exception of using log-transformed effect 
measures. Compared to our previous meta-analysis, 
we identified one additional publication (4), that 
included a pooled analysis of case-control studies 
conducted in the 1980s in four US states (Iowa, 
Kansas, Minnesota, Nebraska), and in the 1990s in 
six Canadian provinces (Alberta, British Colum-
bia, Manitoba, Ontario, Québec, Saskatchewan). 
Results on glyphosate exposure were previously 
reported for some of these studies (5-9).

We retained six publications based on non-over-
lapping populations for the meta-analysis (Table 1); 
the prevalence of ever-exposure to glyphosate was 
46.5% in the only cohort study available (10), and 
ranged from 0.2% to 6.7% in the case-control stud-
ies. The meta-analysis resulted in a meta-RR of 
1.05 (95% CI 0.90-1.24; p-value of test for hetero-
geneity = 0.46; I² = 0%) (Figure 1). The studies by 
Leon et al. (2019) (10) and Pahwa et al. (2019) (4) 
contributed 56.8% and 30.1% of the total weight in 
the meta-analysis, respectively. The meta-analysis 
of case-control studies, excluding the pooled cohort 
study by Leon et al. (2019) (10), resulted in a meta-
RR of 1.21 (95% CI 0.95-1.53; I2 = 0%). The visual 
assessment of the funnel plot (Figure 2), the result 
of the Egger’s test (p= 0.04) suggested that publica-
tion bias was present in the dataset (11).

The meta-analysis of the results for highest cat-
egory of exposure in the three studies that reported 
relevant results (12, 13, 4) yielded in a meta-RR 
equal to 1.15 (95% CI 0.72-1.83); the correspond-
ing meta-RR for ever-exposure in the same three 
studies was 1.13 (95% CI 0.77-1.66). Results for 
types of NHL were reported in four studies (12, 
14, 10, 4) and the meta-RR for diffuse large B-cell 
lymphoma (DLBCL) was 1.29 (95% CI 1.02-1.63). 

Taking into account our updated meta-analysis, it 
is reasonable to conclude that if there is any hazard 

of NHL from occupational exposure to glyphosate, 
then the attributable risk in most exposed work-
ers is likely to be small. The evidence of publica-
tion bias detracts from a causal interpretation of the 
combined results. This conclusion is consistent with 
that of another recent meta-analysis (15).

An interesting finding of our meta-analysis result 
stems from the comparison of results from case-
control and cohort studies. While a pooled analysis 
of three large cohort studies of pesticide applica-
tors provides no evidence of an association (10), 
the meta-analysis of case-control studies resulted 
in a moderately increased risk estimate. Levels of 
exposure might be very different across studies, and 
it is plausible that cohorts of professional pesticide 
sprayers would have higher cumulative exposure 
than subjects included in case-control studies, who 
reported exposure to glyphosate under different cir-
cumstances, including at their residence. In addi-
tion, cohort studies offer better protection from 
selection bias compared to case-control studies 
(16), and, although there have been methodologi-
cal advances in occupational exposure assessment in 
case-control studies, some of the studies reporting 
an association between glyphosate exposure and 
risk of NHL were based uniquely on self-reported 
information by cases and controls (17, 12).

Our conclusion is based on a larger database than 
previous reviews and meta-analyses: in particular, 
the studies included in this meta-analysis comprised 
a total of 1,878 exposed NHL cases or deaths, com-
pared to 207 (18, 19), 211 (20), or 585 (21).

The results of the analysis of the three main NHL 
subtypes does not provide evidence of an association 
with any of them, although the result for DLBCL 
deserves attention, despite the fact that it would not 
reach the canonical level of statistical significance once 
the p-value is adjusted for multiple comparisons. The 
lack of consistency in the results by subtype is stressed 
by the fact that, out of four available studies, two iden-
tified chronic lymphocytic leukemia/small lympho-
cytic lymphoma as the type at highest risk, and one 
each identified DLBCL and follicular lymphoma, 
respectively. These results stress the need for studying 
risk factors of specific types of NHL, as illustrated by 
the pooled analysis conducted by Morton et al. (2014) 
(22) within the InterLymph Consortium.
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Figure 1. Meta-analysis of studies on glyphosate exposure and risk of NHL.

Figure 2. Funnel plot of results on exposure to glyphosate and risk of NHL
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Limitations of this meta-analysis refer primar-
ily to those of the underlying studies. Most stud-
ies were of case-control design, with potential bias 
resulting from selection of cases and controls, in 
particular in hospital-based studies, and from reli-
ance on personal recall and imperfect job-exposure 
matrices for assessment of glyphosate exposure. 
Potential residual confounding might also operate, 
resulting in study-specific bias of unknown direc-
tion. In this respect, it is worth noticing that in the 
recent pooled analysis of case-control studies from 
the US and Canada (4), adjustment for exposure 
to other pesticides, including 2,4-D, dicamba and 
malathion reduced most risk estimates for expo-
sure to glyphosate, even though it did not exclude 
a possible association. Similarly, in the study by 
Hohenadel et al. (2011) (9), whose population is 
included in the pooled analysis by Pahwa et al. 
(2019) (4), an association was reported for com-
bined exposure to malathion and glyphosate (OR 
2.10; 95% CI 1.31-3.37) and malathion alone (OR 
1.95; 95% CI 1.29-2.93), but not for exposure to 
glyphosate alone (OR 0.92; 95% CI 0.54-1.55). 
Similarly, in the study by Eriksson et al. (2008) (12), 
adjustment for exposure to other pesticides reduced 
the OR for ever-exposure to glyphosate from 2.02 
(95% CI 1.10-3.71) to 1.51 (95% CI 0.77-2.94).

This updated meta-analysis confirmed our pre-
vious conclusion that the association between 
exposure to glyphosate and risk of NHL originally 
suggested by results of small studies that may have 
suffered from bias was not confirmed in larger, 
better-designed studies. An association with risk of 
DLBCL cannot be ruled out.

Funding: No funds were obtained for this study.

Conflict of interest: PB acted as consultant for glypho-
sate producers, on matters not related to glyphosate. CZ, EP 
and CC have no potential conflicts to report.

References

1.	 Donato F, Pira E, Ciocan C, Boffetta P. Exposure to 
glyphosate and risk of non-Hodgkin lymphoma and 
multiple myeloma: an updated meta-analysis. Med Lav 
2020; 111:63-73

2.	 Rana I, Taioli E, Zhang L. Weeding out inaccurate 
information on glyphosate-based herbicides and risk 
of non-Hodgkin lymphoma. Environ Res 2020 Dec; 
191:110140

3.	 DerSimonian R, Laird N. Meta-analysis in clinical  
trials. Control Clin Trials 1986; 7:177–187

4.	 Pahwa M, Beane Freeman LE, Spinelli JJ, et al. Glypho-
sate use and associations with non-Hodgkin lymphoma 
major histological sub-types: findings from the North 
American Pooled Project. Scand J Work Environ Health 
2019 Nov 1; 45(6):600-609

5.	 Cantor KP, Blair A, Everett G, et al. Pesticides and other 
agricultural risk factors for non-Hodgkin’s lymphoma 
among men in Iowa and Minnesota. Cancer Res 1992; 
52:2447-2455

6.	 McDuffie HH, Pahwa P, McLaughlin JR, et al. Non-
Hodgkin’s lymphoma and specific pesticide exposures in 
men: cross-Canada study of pesticides and health. Can-
cer Epidemiol Biomarkers Prev 2001; 10:1155-1163

7.	 De Roos AJ, Zahm SH, Cantor KP, et al. Integrative 
assessment of multiple pesticides as risk factors for non-
Hodgkin’s lymphoma among men. Occup Environ Med 
2003; 60: E11

8.	 Lee WJ, Cantor KP, Berzofsky JA, et al. Non-Hodgkin’s 
lymphoma among asthmatics exposed to pesticides. Int 
J Cancer 2004; 111:298-302

9.	 Hohenadel K, Harris SA, McLaughlin JR, et al. Expo-
sure to multiple pesticides and risk of non-Hodgkin 
lymphoma in men from six Canadian provinces. Int J 
Environ Res Public Health 2011; 8:2320-3230

10.	 Leon ME, Schinasi LH, Lebailly P, et al. Pesticide use 
and risk of non-Hodgkin lymphoid malignancies in 
agricultural cohorts from France, Norway and the USA: 
a pooled analysis from the AGRICOH consortium. Int 
J Epidemiol 2019 Oct 1; 48(5):1519-1535

11.	 Egger M, Davey Smith G, Schneider M, Minder C. 
Bias in meta-analysis detected by a simple, graphical 
test. BMJ 1997; 315: 629-634

12.	 Eriksson M, Hardell L, Carlberg M, Akerman M. Pesti-
cide exposure as risk factor for non-Hodgkin lymphoma 
including histopathological subgroup analysis. Int J 
Cancer 2008; 123:1657-1663

13.	 Andreotti G, Koutros S, Hofmann JN, et al. Glyphosate 
Use and Cancer Incidence in the Agricultural Health 
Study. J Natl Cancer Inst 2018; 110: 509-516

14.	 Orsi L, Delabre L, Monnereau A, et al. Occupational 
exposure to pesticides and lymphoid neoplasms among 
men: results of a French case-control study. Occup 
Environ Med 2009; 66:291-298

15.	 Kabat GC, Price WJ, Tarone RE. On recent meta-analy-
ses of exposure to glyphosate and risk of non-Hodgkin’s 



lymphoma in humans. Cancer Causes Control 2021; 
32:409–414

16.	 Rothman KJ, Greenland S. Cohort studies. In: Rothman 
KJ, Greenland S., eds. Modern Epidemiology. Philadel-
phia, PA: Lippencott-Raven, 1988, pp. 79-91

17.	 Hardell L, Eriksson M, Nordstrom M. Exposure to pes-
ticides as risk factor for non-Hodgkin’s lymphoma and 
hairy cell leukemia: pooled analysis of two Swedish case-
control studies. Leuk Lymphoma 2002; 43:1043-1049

18.	 Schinasi L, Leon ME. Non-Hodgkin lymphoma and 
occupational exposure to agricultural pesticide chemical 
groups and active ingredients: a systematic review and 
meta-analysis. Int J Environ Res Public Health 2014; 
11:4449-4527

19.	 Chang ET, Delzell E. Systematic review and meta-analy-
sis of glyphosate exposure and risk of lymphohematopoi-
etic cancers. J Environ Sci Health B 2016; 51:402-434

20.	International Agency for Research on Cancer. 
Glyphosate. In IARC Monographs on the Evalu-
ation of Carcinogenic Risks to Humans, Vol. 112. 
Some Organophosphate Insecticides and Herbicides: 
Diazinon, Glyphosate, Malathion, Parathion, and 
Tetrachlorvinphos. Lyon, France: IARC, 2015, pp. 
321-412

21.	 Zhang L, Rana I, Shaffer RM, Taioli E, Sheppard L. 
Exposure to glyphosate-based herbicides and risk 
for non-Hodgkin lymphoma: A meta-analysis and  
supporting evidence. Mutat Res 2019; 781:186-206

22.	Morton LM, Slager SL, Cerhan JR, et al. Etiologic 
heterogeneity among non-Hodgkin lymphoma sub-
types: the InterLymph Non-Hodgkin Lymphoma 
Subtypes Project. J Natl Cancer Inst Monogr 2014; 
2014:130-144  


